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ЕЗИ КАСТ 


ВОВЕ Е топ езб та пе 15 а major function in ‘the 
construction industry. Estimates range from being prelimin- 
ary (owner's feasibility analysis of proposed project), to 
very detailed (contractors submitting bids that are low enough 
оре the award of the contract but still sufficient for 
contractors to earn a profit, not sustain a loss). New 
technology has advanced the capabilities of the "tools" that 
aid the estimator in predicting job costs. The most recent 
tool is the computer. Computer estimating systems help to 
eliminate the human error and reduce the time elements of 
estimating. The computer is able to store data and process it 
and new input tnrough programmed software which calculates the 
costs of the estimate. The software can be purchased as 
packaged programs or developed by the user. The software must 
be able to calculate the desired output or the entire system 
will be inefficient. The computerized estimating systems are 
relatively new and their use in the construction industry is 
increasing. The applications of the computer estimating 
Systems vary from company to company but they have improved the 


timeliness and accuracy of cost estimates. 


Vil 





CHA RE Roel 
INTRODUCTION ОССО И ОСТЕО ЕЕ ИЕ 


1.1 Statement of 00 ро се 


The purpose of this paper is to provide a general 
overview of construction estimating and an insight to 
computer-aided estimating. Increased knowledge about 
computerized estimating and confidence in the computer's 
potential use can result in providing more timely and 
accurate estimates. Although computerized estimating is 
relatively new in the construction industry, its usage has 
been proven to ve beneficial as will be seen through case 


studies provided in this paper. 


1.2 Development of Construct ton Estimating 


Estimators have always been associated with the 
construction Епашзегу: а: опоши ли е wasn't until recent years 
that greater emphasis was placed upon estimating. In the 
beginning years of the construction industry, the estimate 
was very elementary in that it answered the basic questions: 
1) Is sufficlent material avallable 2). = Беле о. 
manpower available? and 3) How long will the construction 
take? The question of cost wasn't a big issue because 
competition in construction was minimal; thusa contractor 
was easily awarded a project for his proposed cost. Within 
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pugllasE fifty years, tHOUPh, the attitude toward the cost of 
construction has changed drastically; so the estimator's job 
has changed significantly, too. "не сһапре Че це го Che 
increased complexity and size of construction projects, 
changes in economy, changes in estimating tools and in the 
magnitude of competition for the jobs" (8). The ability of 
the estimator to predict, as accurately as possible, the cost 
of construction today, correlates directly to the survival 
rate of a construction company. The timeliness and accuracy 
of the construction contractor's estimate is fundamental to 
his existence. This is why today's estimators are looking 
for better and rore accurate tools to calculate their esti- 
mates. In recent years there have been advancements in 
mechanical quantity take-off aids and calculators. These 
toth aid in the accuracy of manually calculated estimates. 
"The single biggest change, however, is the use of the 
computer in aiding the estimator” (8). The use of computer 
estimating is relatively new, but its acceptance is increas- 
ШЕЕ оп Шау, The role of the computer is to store data 
and process input and data through programs, thus producing 
costs for items of construction. The computer reduces the 


human time element and the human error element in estimating. 


ШӘ Ого ес Топ to Estimating 


Estimating is perhaps the most difficult phase of any 
Honstruacriosneproaject.- The livelihood of the contracto? 


depends upom his bid. The contractor is trying tu arrive 


2 





at à price that will provide hig witi the aw dpo Fr w 
contract and also allow enough profit to make the work 
worthwhile (25). There are many methods used to arrive at 
the bid price but they are all approximations based on judg- 
ment, data and e*x :rience. The estimator must build the 
project on pape to =? an accurate estimate. This will 
include being able co determine ali material, labor and 
equipment needed for the entire project from a set of draw- 
ings and specifications. For each area of construction work 
(e.g., formwork, masonry, concrete, etc.), he must: 

1) hypothesize alternatives to lessen prcject costs; 

2) determine availability of labor; 3) determine equipment 
needs; 4) calculate material needs; and 5) determine the 
productivity (3). Once each section of construction 

із estimated, a cost for project overhead, profit, and 
mark-up is added to complete the estimated cost. The extent 
of the accuracy of the estimate is based on the amount of 
detail and use of accurate techniques applied ín determining 
the total cost (2). 

Estimates are also based on the available information and 
experience of the estimator. The amount of available infor- 
mation determines the extent of the estimate: the less the 
information, the more preliminary the estimate; and the more 
detailed information, the more detailed the estimate. 
Preliminary estimating methods are not as numerous as the 
detailed estimating methods. The preliminary estimates are 
therefore less accurate, but they are acquired faster and 
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cost less. The preliminary esti-ates are based on рге1іліп- 
are designs and used generally for determinin» the economic 
feasibility of the project. (Are the costs affordable at this 
stage?) If the project progresses beyond the preliminary 
stage, additional information will be collected, structured 
and varied before the detailed estimate is made. Most esti- 
mates used by contractors to bid on projects are detailed 
estimates (1). Both preliminary and detailed estimates are 
calculated by mathematical formulas that can be solved by 
using manual calculations or by a computer. In this paper 
various estimating procedures will be reviewed, as well as the 


use of computers in determining estimated construction costs. 


1. Summary 


Estimating has become an increasingly important funda- 
Nentaleipraccice of the construction contractor. His ability 
to calculate timely and accurate estimates reflects his 
potential to be successful in the construction industry (12). 
New technology has improved the contractor's estimating 
ability. This technology can be used at any stage of the 
estimate, preliminary or detailed. "Construction estimating 
will never be totally scientific, it is partly a science and 
partly an art" (1). New technology aids in increasing the 
accuracy of the science and experience of the estimator 
improves the ene of the art. Accurate estimating 


optimizes good contracting. 
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CHE PTER SIL 
DIVISIONS OrpeESPI I NG 


2.1 Introduction 


"There is no business skill of more importance to the 
construction industry than estimating" (8). Accurate estimat- 
ing is important to the owner, the design team and the con- 
struction contractor. The owner judges the economic feasi- 
bility of a project on the basis of the cost estimate. The 


design team prepares detailed estimates in order to determine 


the scope and cost of each proposed design element of the 


project. The construction contractor prepares a detailed 
estimate whose accuracy is of utmost importance since it is 
the basis for his winning or losing the contract. The con- 
tractor's estimate should also clearly outline the potential 
profit most likely to result from efficient and timely 
performance (1). 

The estimates needed by any party may vary from one 
project to the next. The needed estimate can be as prelim- 
inary as a "ball-park-figure" to as detailed as an individ- 
ual item unit cost for each item involved in the project. 
The various methods of estimating, both preliminary and 


detailed estimates, will be reviewed in this chapter. 


E Erelimninary Estimating 


The preliminary estimate is requested at some point in 
the initial evaluation stages, and/or early design stage of a 
project. "It is usually requested at the time when the 
overall scope and the conceptual design has evolved to the 
point where the estimator has a reasonable idea of the 
requirements of the owner and the implementation program of 
the design" (1). A preliminary estimate is used to check the 
owner's budget against the design concept and evaluate 
possible design alternatives to keep the project within the 


proposed budget. It can also be used by the owner to aid іп 





budgeting cash flow needs throughout the project and evaluate 


w^. 


brds (2). 


a урав. 40. 


The preliminary estimate has limited accuracy, but if the 


ame ont жәе, 


estimator possesses estimating skills, the estimate should be 
reasonably accurate, within twenty percent. The basic skills 
that good preliminary estimators possess are: 


1) Knowledge ot construction materials; 

2) Understanding of building design; 

3) Ability to conceive design details; 

4) Knowledge of construction trades; and 

5) Acquaintances with “construction labor 
Productivity.: СІ) 


The magnitude of the use of these skills when preparing a pre- 
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liminary estimate vary with type of construction and method of 


preliminary estimating. The various methods of preliminary 


estimating will be reviewed next. 
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2.2.1 Cost Indexes--Cost Over Time 


The costs of one project are not the same for another 
Siailar project iine Chnianges i cost are due, in fact, to 
inflation. Because of inflation's impact on cost and/or 
productivity, the estimator must continually adjust the costs 
and/or productivity for inflation. Cost indexes are one means 
for this needed adjustment. 

Costi nderes reflect the changes in construction, methods, 
p oduc tivity anrd inflationary trends from year to year (2). 
These data enable the estimator to forecast the costs of 
similar projects from past to present and/or future periods 
without doing a detailed estimate. A reasonable cost 
approximation should result if the estimator uses dixvcretion 
in choosing the proper index. 

Cost indexes convert applicable costs of similar past 
yrojects to equivalent costs now or in the future. The cost 
indexes can be either found in published reports (e.g., Build- 
ing Cost Indexes, Wholesale Price Index, and Construction Cost 
Index) or the estimator can develop his own index; "whichever 
the case, the cost index is merely a dimensionless number for a 
given year showing the cost at that time relevant to a given 
base year" (2). The cost of construction is determined by 
multiplying the previous known cost by the number or ratio of 
the present index value to the index value calculated at the 
time the previous cost was obtained. The cost is calculated by 


the following formula from reference #2: 
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тај 
с. + с," (1 
С r Ji 
C. =- present cost in dollars 
C. - original reference cost in dollars 
1. — index value at present time 
La - index value at time of reference cost. 


When choosing the indexes to use, the estimator should make 
sure they reflect the entire construction project, region, 
local environment, economy of indexes of the area, etc. The 
indexes, though, are not complete and accurate because there is 
a lot of complexity in determining these values. A listed cost 
index applies to a specific place and time; thus, it does not 
directly reflect accurate conversion factors or previous prices 
to present prices. The estimates are good, but not accurate 
enough to base the future of a construction company's success. 
Therefore, they are more commonly used to calctlate preliminary 


estimates (2). 


2. 2. 2. ов Сарае гу 


The cost capacity estimate is similar to the cost index 
estimate in that it uses past data to calculate a present or 
future cost. It takes into account changes in size, scope or 
capacity of projects of similar types. The equation used is 


very straightforward and taken from reference #2: 
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t О = estimated cost of new facility of 
Е capacity (05) 


Д С, -kion cost of facility of capacity (Q4) 


x - cost capacity factor for this type of 
construction 


Qi - gross floor area of an existing structure 


Q^ - gross floor area of proposed structure 


The cost capacity factors vary with the type of construction 
project. This estimate is an approximate cost of a pro- 
posed project. This estimate, when used, is used mainly in 
the early stages of a project's life, by the owner, to get a 
Е general idea of the total expected cost. Some estimators 
have increased the accuracy of the cost capacity estimate 

by combining it with the cost index estimate. This is done 


E by using the following equation (also from reference £22): 


' x 
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| a SE er 


E- (All values remain as previously defined.) This estimate 
is also an approximated cost but it is more realistic com- 


pared to the actual cost than is the capacity estimate (2). 


F О УУ Component Ratio 


f Component ratíos are sometimes referred to as either 
equipment-installation-cost-ratios or plant-cost ratios. 
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This estimating method deals wirh equiprenpPonstapiaton 
of a project (e.¢., pumps, refrigerators, encen ES 
used mainly in industrial construction. There are two 
approaches to this method. "The first approach, the 
equipment-cost-ratio, multiplies the purchase price of 
the equipment by an empirically documented factor (pub- 
lished listing of calculated factors by the construction 
industry) to estimate installation costs, including 
shipping, erection labor, ancillary fittings and sup- 
plies" (2). Appendix l is an example of a list of equip- 
ment installation factors. 

"The second method, plant-cost-ratio, multiplies the 
vendor-price-quotations by predetermined factors of vari- 
cus pieces of equipment to calculate the estimated cost" (2). 
Appendix 2 is an example of a listing of factors used in the 
plant-cost-ratio. 

Both types of estimates are dependent upon good data 
to produce the factors used for each item. The estima- 
tor's judgment regarding such things as degree of shop 
fabrication, productivity of labor field, etc., plays an 
important role in upgrading or downgrading these factors 
as each project dictates. The accuracy of theee two types 
of estimates fluctuates easily; ther.fore, it is used only 


as a guideline or ballpark figure by the owner or designer. 
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Da Unit Coot Estimates 


There are different types of unit cost estimates, 
but if based on reliable data and used properly, their 
results are acceptable. These estimates are used mainly 
by owners to determine if the project costs are within 
tslerable budget limits. The estimates are quick, easy 
and relatively inexpensive; and their resultant cost 


estimates prove to be within an acceptable percentage of 


accuracy. Three types of unit cost estimates are discussed. 


ЖЕРГІ Function Estimate 


The function estimate measures the cost of a 
building relative to its function. An example of 
this is a hoszital's construction cost which is 
relative to the number of beds proposed for the new 
facility. The estimator must know or estimate the 
costs per functional element (e.g., cost per bed). 
This value is then multiplied by the number of beds 
which gives the estimated total cost of construction. 
This is a simple estimate that compares like projects 


to get the estimated cost (1). 


05 2 Square Foot Estimates 


The square foot estimate is applicable to 
structures such as office buildings, schools, ware- 
nouses, factories, hospitals, churches; stores, 
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residences, and garages. This method compares the 

costs of various buildings ӨР sinilar type or nene 

floor area is important. This method can also aid in 
calculating the function element of the function estimate. 

There are four variations of the square foot 
estimate. The first is to allow a certain price per 
square foot of floor, including basements, roofs and 
attics. The second is to use different costs for the 
basement, the roof, the attic, and the other floors. 
The third is to use different costs for the different 
floors. The first floor will include the cost ofr the 
foundation and basement. The price of the upper floor 
should include the roof and the attic costs. The other 
floors are estimated individually. The fourth method 
is to use the same unit cost for all usable floors, 
omitting the roof area and basement area. The areas 
of the roof and basement are calculated separately. 

If there is a porch or semi-covered area, the cost of 
this section is calculated by multiplying the unit 

cost by half of the actual area. The fourth method is 
preferred by most estimators (22). There is an example 
in Appendix 3 using the different methods. 

There are difficulties in calculating square foot 
estimates. The actual floor area may be different than 
the area used to calculate the estimate because this 
estimate is usually done in the preliminary stages of 
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design; thus the drawings are not detailed. Walls and 
Stairwells may be excluded from the drawing; and so the 
estimate will be under priced. Another more serious 
problem is insuring that the correct cost per square 
foot is used. The cost per square foot is an average 
estimate because a square foot of space (area in center 
of room) has minimal cost compared to that of a square 
foot of wall area, cabinet space, etc. In this method, 
every square foot is considered to cost the same, so the 
problem lies with determining the cost as per type of 
construction employed. The best way to lessen this 
problem is to keep accurate records and produce one's 


own cost data base (15). 


2.2.4.3 Cubic Foot Estimates 


The cubic foot estimate is similar to that of the 
square foot method. The only difference being that the 
estimated cost is determined by the cubic feet of volume of 
a proposed building. This method is more accurate than 
the square foot method. To calculate the cost, simply 
multiply the total volume of the building (cubic foot) 
by a selected price per cubic foot from a similar type 
construction. А more extensive type of cubic foot esti- 
imate can also be done. This type involves separating 
volumes of the building into various categories (i.e., 
basements, attics, office space, etc.) and multiplying 
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these volumes by designated price as per type of 
construction. [his уатіабіса сап бе сошригей ип 
another way: take a percentage of tne unfinished 
volume and the total of the finished volume, add 
them together and multiply by one cost per cubic 
foot. Either of these variations reduces the costs 
of nonfinished volumes, and thus produces a more 
accurate estimate (22). An example is included 

in Appendix 4. 

The only drawback to this type of preliminary 
estimate is that it is best used for totallv enclosed 
Spaces (warehouses, etc.). If semi-covered or open 
areas are to be estimated, they must be done separately 
from that of the enclosed building. Thus, the cost and 
time to estimate will increase. When estimators begin 
increasing the time and money to increase this type 
estimate it may be more worthwhile, and definitely 


more accurate, to produce a detailed estimate. 


2.3 Detailed Estimates 

This section will review some of the detailed methods 
of estimating. A detailed estimate is more accurate than a 
preliminary estimate and provides a complete listing of the 
construction costs for a project. The detailed estimate, 
prepared by the contractor, includes the direct costs of 
construction, the overhead cost related to doing the 
project, and the potential profit гог the contraccon. 
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The detailed estimate is more expensive than the 
preliminary estimate. It involves much more time in both 
gathering information (project drawings and specs, cost 
data, etc.) and doing the cost calculations. The accuracy 
of the detailed estimate is proportional to the tine spent 
preparing it. "The time factor involved in preparing the 
detailed estimate is dependent upon the estimator's proper 
evaluation of the five basic factors making up the estimate: 
1) Labor productivity; 2) Market competitiveness; 3) Effects 
o localepracctices;: 4) Forecasted weather condition; and 5) 
Plans and specifications of the project" (2). The experience 
of the estimator and the availability of a good cost data base 
are also extremely important in formulating an accurate 
detailed estimate. 

Three types of detailed estimates that will be discussed 
are: 1) Quantity Survey; 2) Lump Sum; and 3) Detailed Unit 
Cost Estimate. 

Whatever the method, though, the process in formulating 
Meutdetarough estimating is similar: 

PROCESS 
Owner request for bids 
Contractor receives contract documents 


uantity take-off 


Pricing of direct Equipment Sub-contractors' 
abor & material cost estimates 
Job overhead Company overhead 
ВОВЕ 
Bid 


mx -—á х= 
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2,321 Quantity Surveys 


To arrive at a cost estimate that is as close as 
possible to the actual cost of construction, the quan- 
tity survey method is used. This method entails getting 
actual quantities of materials needed from either 
detailed drawings or field surveys. These quantities 
are then multiplied by the cost of material, the cost 
of labor, the cost of equipment, and added to the over- 
head and mark-up to reach a total cost estimate. This 
estimate is acquired from a detailed study of the 
project, the price tendencies of the area, the costs 
of similar projects, the cost of managing this type 
project, and the desired profit of the company. The 
accuracy of this estimate is dependent upon the time 
and effort spent preparing the estimate as well as the 
knowledge of estimating and experience of the estimator. 
This estimate is the total construction project com- 


pleted on paper, a detailed estimate (6). 


2.3.2 Lump Sum 


Oftentimes, the owner wants to know just the total 
cost of a project. In this case, the contractor submits 
a bid with the only cost figure being the total cost of 
the project--a lump sum cost. This is convenient for 
the owner but the contractor must do a detailed estimate 
to arrive at this price or he may lose money on an 
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inaccurate bid. This type of bid does aid the prime con- 
БЕНеЕогп іг не Тапа со subcontract the entire project. 

In this case, subcontractors submit their costs to Еле 
prime contractor who, then, includes the costs of all sub- 
contractors bidsstosarrive at hls bid estimate. This 

is a convenient way to do an estimate, but if the final 
cost is not calculated with care, the contractor will 

be responsible for any additional costs enccuntered 

during construction. Therefore, his lump sum bid must 

he based on accurate estimating to be both competitive 


and insure a profit is made (15). 
2.3.3 Detailed Unit Cost Estimate 


There are both preliminary and detailed unit cost 
estimates. The difference is that the detailed unit cost 
estimate is based on a complete set of drawings and spec- 
ifications and each item in the contract has a quoted 
price (e.g., cost per cubic yard of concrete). Using 
the information from the drawings and specifications and 
cost data, a cost per unit of each item can be calcu- 
lated. Then this value is escalated to include the 
indirect costs (overhead and mark-up). This total cost 
per unit is then listed in the bid. The totai cost of 
a project is then calculated by multiplying each unit 
cost by its respective quantity. This type of esti- 
mate is most commonly used when there are expected 
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change orders, both additioas and deductions, during 
construction. Also, this type of bid gives those 
involved detailed insight to all costs and can deter- 
mine the expensive portions of the project. This 
estimate is good because if the project is estimated 
over budget, proper changes can be made to enable the 
project to be completed without redesigning the entire 
project. This also aids the contractor in determin- 
ing the costly sections of work and possible delay 
areas. Profit is dependent upon the accuracy of the 
unit cost per item; chus great care must be taxen when 


preparing this type of estimate. 


2.4 Summary 


Various estimating methods are used when calculating 
costs because estimates are used for different reasons and, 
thus, provide different answers. The estimating methods 
looked at in this section range Lrrom relatively simple 
(preliminary) to very detailed estimates. The method chosen 
must be adequate to provide the desired estimate. The owner, 
designer, and contractor's needs for estimates differ; 
therefore, various methods are used. 

The preliminary estimates are used mainly to insure the 
economic feasibility of the project. This estimate is 
extremely important to the owner and designer because it sets 
a basis for formulating costs. The detailed estimate is mucn 
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more important to the contractor because the timeliness and 
accuracy of the estimate determines if he gets the contract 
or not. "The estimate's accuracy depends upon the judgment, 
Skill, and experience of the estimator; upon the care with 
which the estimate is prepared; and upon the correctness of 
the prices used" (22). The detailed estimates are more time 
consuming: therefore, more expensive. However, accurately 
estimated costs result in the contractor being awarded con- 
tracts and making a profit from his work. Good estimating 


is the essence of good business. 
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See) Introduction 


Estimates, no matter whether they are preliminary or 
detailed, are all calculated from determining costs of mate- 
rial, labor, overhead, equipment and profit. These are 
the most commonly calculated components of the total esti- 
mated costs. Some projects do not call for all these con- 
ponents to be calculated for the estimate. On occasion, 
there are additional components to an estimate that must be 
included beyond those listed above (e.g., bonds, licenses, 
etc.) The basics for calculating the five basic components 
will be reviewed in this chapter. The review of these 
components is based on chapter two of Jack Lewis' book, Basic 
Construction Estimating (Reference 15), and lecture notes from 


Dr. Herbsman's class, Cost Estimating, Fall 1984 (Reference ll). 


3.2 The Estimate Components 


The зциаге foot, quantity survey, lump sum, and the unit 
cost estimate are the most commonly used estimates in the 
construction industry. These estimates, if done accurately, 


enable contractors to be competitive when bidding jobs. 
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Тһе five major components of these estimates are: 

1) Materials, 2) бађог, 3) Охегћеад, 4) Equipment, and 

БИ Ртобше. lt@eare is“taken in each of these"areas"of an 
estimate, a contractor s bid will reflect the actuali costs 


the coatractor will encounter if he is awarded the job. 


3.2 l Materials 


To calcuate the amount of material needed for a 
project, the quantity take-off method is usually used. 
It is simply the amount of material it takes to do the 
construction plus allowances for waste. Waste is the 
excess material ordered for but not used on a project. 
Waste could be as low as zero percent, mechanical units, 
or as high as 405 of material cost. The waste allowance 
depends upon the type of material as well as the type 
of construction. If waste is controlled, material cost 
will reduce. It is hard to calculate the exact amount 
of waste for a given project. This is one area where 
the experience of the estimator will contribute to a 
better estimate. His experience of past similar pro- 
jects as well as historical data will benefit him in 


a more accurate material estimate. 


0-2 2. Рабог 


One of the most difficult portions of the estimate 
is the determination of actual labor costs. There are 
many influencing factors when determining the costs. 
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The most apparent is that of productivity. Not all 
personnel work at the same pace. Unions have tried to 
set a "standard pace” by having rules which set max- 
imum amounts of work per working period. (This limits 
output and over-predicts productivity if the maximum is 
not achieved.) The influencing factors include: 
location of project, weather conditions, union rules, 
etc. 

Updated information regarding labor cost is read- 
ily available for most construction. (One such 
resource is Means Building Construction Cost Manual.) 
These guides are only valuable as general information 
because they do not consider the influencing factors 
for a given job. In essence, the best way for a con- 
tractor to estimate labor costs is to keep good up-to- 
date company time and cost records. From these records, 
the experienced estimator will be able to predict labor 
costs for different items of construction for future 


projects. 


3.22.50) Overhead Costs 


А successful construction company is run by 
experienced management. Like labor and material, man- 
agement needs to be paid for by the various projects. 
Included with management costs are office equipment, 
office staff, office rent, utilities за понет 
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insurance, etc. These costs are all fixed or permanent 
items relating to the cost of maintaining the business. 
These costs are equated on a cost-of-construction per- 
centage or calculated as weekly or hourly amounts charged 
to each project. The size of each project dictates the 
the magnitude of fixed overnead costs assessed to that 
project. 

There are also variable overhead costs that are 
directly related to each project. Examples of these are: 
utilities for the site; fencing and security measures; 
job permits; etc. There are two ways to account for 
variable overhead in an estimate: 1) include as a lump 
sum amount; or 2) list as a percentage of cost. In 
eitner case, this cost is assessed to the project. 

The total of both fixed and variable overhead make 
up the total overhead charge assessed to a project. The 
accuracy of this cost is dependent upon accurate data 
and the experience of the estimator. Improper calcu- 
lation of overhead costs can cause the company to lose 
money on a job or prevent it from getting the job. Care 
must be taken in this area because there are no set 
overhead costs; they vary from job to job, company to 


company. 
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3.2.54 Equipment 


The cost of equipment used on a project must be 
recoupable. This estimate will be different if the 
equipment is owned or leased. If owned, the deprecia- 
tion, investment, maintenance, and operating cost must 
be taken into account. Each project must return a por- 
tion of the cost of equipment over its useful life. If 
the equipment is leased, the contractor need only be 
compensated for the costs of operation and rent. The 
leased equipment costs are easier to calculate. Equip- 
ment, owned or leased, is an essential part of the 


estimate. 
3.2.9 ОЕ 


the mark-up is the most questionable area of the 
estimate. There is no set percentage; therefore, it 
can range fron 14 to 50% of the contracted amount. The 
construction industry seems to go from "times of plenty" 
to "times of scarcity." During times of plenty, the 
mark-ups are high. The contractor feels he can get 
a better price because of the magnitude of work. In 
retrospect, though, it is just the opposite during 
times of scarcity. Contractors may work for costs just 


to stay in business and keep their crews together. 
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Every business operates to make money and in the 
Construction industry the only way to do so is to make 
more money than it costs to do a project. The mark-up 
portion of the estimate fluctuates most from job to job; 
therefore special attention must be given to this area. 
The larger companies try to be consistent in this area, 
working for a 5% to 10% profit on every job; whereas the 
samller companies fluctuate more readily with the times 


of plenty and times of scarcity theories. 


3.3 Summary 


The components of an estimate vary with the project type. 
Because they make up the total estimate, it is essential that 
great care be taken in calculating their cost. Estimators are 
continually soarching--trying new ways to increase the accu- 
racy of the component costs of the estimate. Today, computers 
aid the estimator in calculating the component costs. In the 
following chapters, 4 and 5, the make-up of the computer and 


its application to estimating will be reviewed. 
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CHAPTER IV 
TODAY S COMPUTERS; 
THE DESK-—TOP MTOCROCONDUNMERUS 
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4.1 Introduction 


There have been extensive changes in computers since the 
late 1940's. The changes have been in both technology and in 
the machines themselves. The new technology has increased the 
computer system's capabilities in nanipulation of numbers 
(data) to produce various outputs (e.g.: accounting, pay- 
roll, job scheduling, quality control, estimating). The 
changes in machines deal with going from large expensive main- 
frames to desk-top microcomputer systems. Prior to the 
arrival of the microcomputers, the high cost of the computer 
mainframe limited its usage in many construction companies. 
The development of powerful low cost microcomputers has made 
it feasible for all sizes of construction companies to auto- 


mate their company (12). In addition to the low cost, micro- 


Ді PLOT о чор де урагана оте LE TLLLL LDL LININGS LEE YEAR LENO EE EEA. D аны ops * 


computers are flexible in that they make it possible to 
develop interactive programs that are similar to manual pro- 
cesses employed by the company. Thus, the computer output 
results are similar to the manually calculated outputs for 
functions such as purchasing, bockkeeping, accounting, pay- 
roll, estimating, etc. The computer system's usage is ever 
increasing because of the low-cost, high-power systems and 
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because a knowledgeable user can benefit in both time and 


money by utilizing tie microcomputer and all its capabilities. 


4.2 Today's Computers 


Today's computers have increased memory capacity, are 
able to retrieve data from remote locations (other storage 
banks), can execute several different calculations, do var- 
ious jobs simultaneously, allow the user to control the 
input data, and offer inherent user-friendliness. "This 
new generation of computers referred to as microcomputers 
has revolutienized electronic data processing" (12). 
Microcomputers do not require special installation, elec- 
trical or environmental. The computers are easily handled, 
small enough to fit on a desk top, and their power source 
is an ordinary electrical outiet. These units are self- 
contained within the user's office, therefore there are 
fewer problems with confidentiality of information (12). 

The microcomputers consist of two major components: 
the hardware and the software. When purchasing a conputer 
system, the purchaser should be certain that programs (the 
software) can be bought or written for the system purchased 


(the hardware). 
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4.2.1 Hardware 


Hardware consists of the physical components of 
a computer system. It is the electronic circuits and 
mechanical parts which make up the computer. The 
basic pieces of hardware are: the input device (key- 
board), the central processing unit (CPU), the out- 
put device (screen, printer, etc.), and in some sys- 
tems, secondary storage units. There are other pieces 
of hardware (plotters, graphics, etc.) but they only 
need to be purchased if the user desires these capa- 
bilities (7). 

There are many hardware systems on the market 
today. The system chosen, though, must have the 
upward compatibility of software to manipulate the 
data to produce desired results. The hardware 
executes the program. Simply, it stores, controls, 


and processes the input data into useable output data. 
4.2.2 Software 


Software is the set of programs, rules, documenta- 
tion and procedures associated with the operation of 
a computer system. Software is the lifeblood of the 
hardware. Its function in the computer system is to 
manipulate the stored and input data into useable 
output (13). 
28 
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Software can either be written by the user or 
purchased as complete packages written by hardware/ 
software manufacturers and/or consultants.  Whichever 
the case, the software used must be capable of manipu- 


lating numbers as needed by the user. 


4.3 Summary 


The computer's usage in the construction industry is 
continually increasing. This acceptance is due largely to 
the fact that high-power, low-cost microcomputers are avail- 
able and are user-friendly. Their use ranges from routine 
bookkeeping to detailed estimating. Whatever their uses, 
though, it is imperative that the software needed be com- 
patible with the hardware purchased. Hardware should not 
be purchased until it is certain that it is capable cf 
handling all software needed by the user. Аз will be seen 
in the next chapter, cost estimating is one area of computer 
usage in which good software should be purchased or devel- 


oped before purchasing the hardware. 
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CHAPTER У 
COMPUTERIZED ESTIMATING 


5.1 introduction 


Áccurate cost estimating leads to good business.  Esti- 


mating, though, is a risky, complex and expensive practice. 


À good estimator calls upon experience, judgment and resources 


to perform each estimate. In the past, estimators only had 
pencils, paper, scales and calculators to assist them in cost 
estimating. Today, however, they have a new tool, the com- 
puter, to aid them in estimating. The computer has the capa- 
ability to store large amounts of data and the ability to 
process and do calculations on this data instantaneously. 

It also has the capability of taking input data and calcu- 
lating needed costs from it. The computer output is only 
limited by the estimator. ТЕ will produce that for which it 


is programmed. A good computerized estimating system enables 


the contractor to produce timelier and more accurate estimates 


and have more confidence in these estimates than those man- 
ually calculated. 

Success in the construction industry is contingent upon 
the estimator's ability to produce timely and accurate cost 
estimates (12). Because of the importance of estimating, it 
is essential that the estimator use the most reliable tools 
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to aid him in producing the best estimate. Computers are 

the new tools available today. Since computers are costly 
and their use in estimating is relatively new, care must be 
taken when purchasing a computer. "Whatever the situation, 
first-time purchaser or not, a systematic approach with cer- 
tain xey elements should be utilized in the selection process 
to insure what will hopefully be the right decision for the 


right reasons" (5). 


5.2 Determining Goals and Objectives for Obtaining 
A Computer Estimating System/Qualities of 
A Computer Estimating System 


Before venturing into the computer market, goals and 
objectives for a desired system must be established. These 
goals should be developed by the firm with no outside influ- 
ence (computer salesman). With the goals and objectives 
outlined, the purchaser must then familiarize himself with 
& computer's potential to assist in achieving the set goals. 
This knowledge will enable him to ask the intelligent ques- 
tions to determine if the product is indeed usable and 
applicable for the company (18). 

In establishing the goals of an estimating branch, the 
mission of this department must first be established. For 
estimators, this mission, in general, is to provide timely 
and accurate estimated costs for a project. Timely, in that 
they are produced in the most efficient way and in advance of 
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a bid date. This enables the estimator to evaluate and 
analyze his bid and make cost-saving adjustments to it. 

The accuracy is that the final estinate is as close as 
possible to the final construction cost. The accuracy will 
increase if the potential mathematical errors associated 
with estimating are eliminated. The use of computerized 
estimating will reduce both tke time to do the estimate and 
the possible mathematical errors in estimating. Іс із ас 
this point that the computer packages available in construc- 
tion estimating can be examined to find the compatible system 
to produce the output sufficient to complete the mission of 
the estimating department. 

Examining the computer packages is not taking the list 
of goals and asking a salesman if his system can produce out- 
put to achieve them. Rather, the company should have someone 
from within, who is knowledgeable of computers and who knows 
what to look for in a system, select a package (12). There 
is a checklist of specifications that can be used as an out- 


line or as a complete basis for evaiuating systems. This 


was written by Lee A. Peters (Reference 18) and is as follows: 


1) Interactive Input. Batch and Interactive are two ways 


in which to enter data into a computer, Batch input means 


thet the data are input and then run at one time. Interactive 


input means that the data are entered into the computer as it 
is obtained or developed. 

The interactive input allows the estimator to review his 
assumptions and quantities as they are entered into the 
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computer. This allows him to change, update, remove or 
expand data at any time. This gives the estimator the 
flexibility to change/correct the estimated costs as they 
are being calculated. 

A preliminary estimate can be run at any time during 
the leading of the data to insure the input data are cor- 
rectly entered and that the estimate is being processed 
correctly. This immediate feedback helps identify problem 
areas and aids the estimator in correcting mistakes. In the 
interactive mode, the estimator creates and controls what is 
entered into the computer to produce the cost estimate. 

2) User Modified/Created Data Base. The user must be 
able to modify data or add data to the data base. This 
includes enabling the user to enter his own data base to 
adjust costs to the company's procedures, job location, time 
of project, method of construction or any other variation in 
productivity. 

The user should be able to modify both parameters 
(dimensions or other elements that are used to define the 
limits of a physical item of construction) and variables 
(unit prices and productivity rates) for all cost factors. 
The data base should be easily accessible so that any per- 
son can update it. An example of this easy access is to 
have the purchasing clerk be able to update material costs, 
the engineer update crews and productivity rate for activ- 
ities, and the estimator update quantities needed for vari- 
ous activities. This enables the estimator to get up-to-date 
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costings of items, labor, etc., directly from the coc Cime 
azent. The cost data base will be reviewed in greater detail 
later in the chapter. 

3) Perform All Calculations. The computer must be able 
to handle all calculations, extensions and pricing for the 
estimator. It will perform those functions which are previ- 
ously done manually. The machematical errors 27emee sci 
in this phase of computer estimating. Also, by the computer 
performing these time-consuming, manually calculated values, 
it enables the estimator to review and analyze the estimate, 
thus allowing the estimator to insure his judgment and expe- 
rience variable related to the estimated cost of the project 
аге accurate. 

4) Allow Different Procedures. Every company and every 
estimator will have different estimating requirements. There- 
fore, the program must be adaptable to various estimating 
procedures. For example, determining the use of in-house 
labor as compared to a sub-contractor work force. 

5) Allow Different Levels of Accuracy. The system should 
be able to estimate a project at either the preliminary level 
or detailed level of the same project or of different pro- 
jects. The level of the estimate is determined by the input 
information in the computer. The more general the input 
data, the more preliminary the estimate; the more detailed 
the input data, the more detailed the estimate. 

6) Multiple Users. The system must be able to accom- 


modate more than one user. The users can work on the same 
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estimate or on a completely different one. Also the user 
should not have to follow a given sequence to work on the 
estimate. He should be able to work on any portion of the 
estimate at any time. This allows the estimator to work on 
any estimate package, portion of an estimate package, or 
individual cost factors. 

7) Quantity Survey. The system should be able to take 
a single set of input data and determine the quantities of 
work associated with any portion of the project. By enter- 
ing a set of parameters, which identifies the work package, 
the quantities of work will be calculated, including all 
materials and crafts associated with this cost item. 

8) Unit Pricing. "The system should maintain a listing 
of the most frequently used costs and variables used in cal- 
culating the unit prices" (18). The list should include 
material waste costs (percentage of material), labor costs, 
equipment costs (both rental and owned), labor productivity, 
and crew combinations. Also, the system should allow for 
unique input data (variables, costs, and unit prices) to be 
entered into the existing lists and used to calculate costs 
for these separate elements of work. This enables the user 
to update or change the listed items as dictated by the job. 
This process allows the estimator to keep and update the 
cost lists he uses for estimating unit prices. 

The user should be able to enter the unit prices in any 


form: lump sum; crew productivity; man-hours per unit; etc. 
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This will allow the estimator (user) to enter (his чагаа 
the same form he uses manually. Once the user gains confi- 
dence using the computer, he may progress to utilizing the 
system's full capabilities. 

9) Reports. The reports should be easy to read and 
allow options as to how the estimate is to be printed out. 
The estimate can be in the form of lump sum, unit price, 
labor costs, material costs, equipment costs, sub-contractor 
costs, overhead and profit, phase construction packages, etc. 
In essence, the report should be easy to read and list the 
estimated costs as per bidding instructions. 

This checklist is rigorous, but it does provide a good 
basis for evaluating the various versions of computerized 
estimating systems on the market today. Established goals 
and objectives of a company will determine the extent to 
which these guidelines are followed. Аз will be shown in 
the case studies in Chapter VI, purchasing and using a com- 
puter estimating system varies with the size of the construc- 
tion company. The larger the construction company, the more 
attention should be paid to the computer estimating system's 


capabilities to insure it can perform the needed functions. 


5.3 Computer Estimating Systems 


There are various software packages available to the 
construction estimator. They range from simple programs of 
single wall construction to heavy and/or highway construction 
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projects. The majority of the packages deal with estimating 
repetitive projects, such as housing developments--both 
single and multi-family housing. Estimating packages for 
heavy construction estimating are available but do not always 
meet the needs of the various companies. Whichever software 
System is purchased or developed, it must be able to be used 
on the hardware the company owns. 

The estimating software packages available are good, but 
because they are relatively new, their acceptance and usage 
by estimators is limited. One capability of the computer 
that is being used extensively is the cost data base. Its 
use is becoming more and more popular. Once this usage is 
established, companies tend to advance their computer appli- 
cations to other aspects of estimating. Easily accessible 
cost data is a want and need of every estimator and the com- 


puter meets this need. 
5.3.1 Cost Data Base 


A cost data base is just what it says: a data base 
of costs. In his early work of developing a cost data 
base, C. J. Date defined it as "a system whose purpose is 
to record and maintain information.” This definition has 
evolved since the early 1970's into today's interpreta- 
tion: "a cost data base is a system in which data is 
kept in a way that will make it useful for future needs" 
(24). The word useful is stressed in this definition. 
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In order to make the purchasing and establishing of 

a cost data hase worthwhile, the data stored must be 
useful to the estimator. The estimator must be able 
to use these data to prepare estimates for future 
projects. There are various distinct situations for 
forming a cost data base. The situation is dependent 
upon the company's construction activity. The more 
competitive the environment, the more detailed and 
accurate the estimate. 

In the estimating process, the estimator needs a 
reliable listing of current figures as well as a com- 
prehensive listing of the company's past record. The 
working environment will determine the size of the 
listing in the cost base. Mr. Gideon Samid (Refer- 
ence 24) has gene-alized, in categories, the extent 
to which a cost data base may be needed. These cate- 
gorles suggest data base requirements for types of 
estimates in conjunction with the competitive market 
for which the estimate is used. An explanation of 


these categories follows. 


5.3.1.1 Conceptual Estimates-Different Projects- 
Low Competition 


This situation is typical for an estimate made for an 
owner, It is only a rough figure to present to upper man- 


agement to determine the economic feasibility of a project. 
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The projects to be built will vary (e.g.: warehouse, 
school, housing development, etc.). 

The data needed for these projects can be gathered 
from available services, i.e., Means Building Construc- 
tion Cost Manual. The collection of a company data base 
is unrealistic because the projects are not similar and 
the cost data is useless for different projects. Тһе ser- 
vices data, on the other hand, are up-to-date and can be 
purchased in book form or on a disket. The data 
obtained in this way are average, and for the level of 
this type estimate they are acceptable. This method is 
relatively inexpensive and the results are average. 
Therefore, the estimate developed from this cost data 
base is generally for feasibility purposes, not bidding 


purposes. 


5.3.1.2 Conceptual Estimates-Similar Projects- 
High or Low Competitive Levels 


This situation deals with estimates made for special 
type construction, i.e., nuclear power plants or chemical 
plants. In these fields, the production is similar from 
project to project but the competition for bid awards 
differs. The estimates made on these projects are 
largely based on past job costs. The extent to which 
the cost data base is relevant to the cost estimate is 
proportional to either the competitive environment for 
the construction project, or to the estimate used for 
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determining if the project ís feasible. The data base 


ogg ut 


can range from a simple job history file to a detailed 
ready, (random), cost data tase. The estimator for 


these projects must know the requirements of future 
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estimates to insure that the cost data base he chooses 
is the most economical and has the capabilities to per- 


form desired functions. 


5.3.1.3 Definitive Estimates-Similar Projects- 
Highly Competitive Environment 





This situation is the most rigorous case. [n this 
case it is the contractor, his livelihood depending on 
contract awards, who must use all available tools to 
insure his estimate reflects actual costs. The data 
he needs may come from both subscription services and 
his private data base. The subscription service will 
aid in providing timely information of commodities, 
equipment items, and additional current prices. These 
current prices alone do not make an estimate; the 
quantities and past cost listings are as critical, if 
not more critical, in estimating construction costs. 
For similar type construction this data base can contain 
items as simple as nail costs or as complex as tocal 
excavation costs and total job costs. This stored 


information should be readily and randomly accessible. 
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dodern technology allows for data bases to be kept 
by a computer in three ways: the relational model; the 
hierarchy model; and the network model. Each model 
allows the data to be stored differently and therefore 
it can be accessed differently. The estimator's needs for 
cost data will determine vnich model is selected by the 
company. 

Companies that have similar yet different projects 
(e.g., highway and runway construction) should have a 
large data base that is also easily and randomly acces- 
sible. An ideal cost data base would be to list all 
costing in a catalog format. Then, by inputting codes 
(relating data to each code), be able to retrieve the 
stored data for each code. This is expensive to set up 
and needs to be updated regularly, but once available, 
it will be a great aid to estimators. It will reduce the 
time and expense of manually calculating and/or research- 
ing project records to correlate the costs. This will 
allow the estimator more time to improve his "judgment 


calls” and reduce calculated quantity errors. 


Е Compibenized Eatimating Hardware 


Most of the computer hardware today ct run various 
packages of software. The major American hardware ven- 
dors such as IBM, Data General, Wang, Digital Equioment 
Corporation, and Hewlett Packard, all provide catalogs 
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of software packages that will run on their computer 
systems. The hardware systems are capable of running 
software packages that are used for other functions 
(e.g., bookkeeping, accounting, scheduling, etc.) within 
the construction industry. The hardware chosen by the 
respective purchaser must be capable of running soft- 
ware that is needed for the desired functions. Estimat- 
ing is one function; therefore, the hardware purchased 

із generally not just for estimating. То vastly benefit 
from the computer, the user must employ all its capabil- 
ities related to the operations of the employer (16). 
"Hardware selection, then, should depend on what software 
is available and what is the manufacturer's commitment to 


supporting software development" (16). 


5.3.3 Computerized Estimating Software 


Estimating software packages can be purchased or 
developed by the user. There are different estimating 
software packages available but their applications to 
various estimated projects are limited. The software 
packages on the market are best for estimating repeti- 
tive construction (e.g., housing construction). For 
nonrepetitive construction (e.g., heavy highvay con- 
struction), though, these software packages are not 
as applicable. User developed software is better 


equipped to estimate nonrepetitive type projects. 
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Зоше of the estimating software packages available 
are IBM, MC, and Spread Sheets (i.e., Vacs, Lotus, 
and Symphony). The IBM package, used by one of the com- 
panies in the case studies, Akira, is good for repeti- 
tive construction. Its capabilities include manipulat- 
ing input data, lineal feet of wall and wall stud spac- 
ing to calculate the material needed for the wall; and 
by searching a cost data base, output the estimated costs 
of constructing the desired wall type. This is an 
excellent estimating procedure for repetitive type house 
building. By keeping an updated data base and inputting 
correct quantities, the estimated costs will be accurate. 
The IBM package has additional cost estimating capabil- 
ities but a total review is beyond the depth of this paper. 

The мс? package (Appendix 5) is set up to aid the 
heavy construction estimator. After reviewing it, 
though, it is overly oriented toward repetitive type con- 
struction. Тһе heavy and highway construction differs 
from job to job; therefore, these packages are not appli- 
cable for them. Тһе ideal software for the large non- 
repetitive construction companies should have an acces- 
sible cost catalog of all possible functions of the com- 
pay and with a spread sheet be able to calculate the 
costs of different projects. Hubbard Construction Con- 
pany (Case Study 5) is in the process of developing 


such software capabilities. 
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Some of the software packages are too advanced for 
the smaller construction companies. These packages offer 
many capabilities not needed by these small users; 
therefore, their software must be developed. (Appendix 6 
is an example of a print-out utilizing a simple soft- 
ware package.) 

The software chosen or developed must meet the needs 
of the user. At the same time, the user must be familiar 
with all the capabilities of the software package to 


assure its sufficient use. 


Benefits of Computerized Estimating 


If or when an estimator becomes familiar with and con- 


fident in using a computerized estimating system, the company 


will benefit from its adaption. First, the company will 


increase its marketing effectiveness. 


developing more timely and accurate bids. Ву eliminating some 


of the time from the manually calculated estimate, 


will be responsive to the client. Не will be able to give the 


client any cost data desired (e.g., item costs, job phase 


Costs, equipment costs, etc.). Increasing his marketability 


will increase his productivity (26). 


Second, the cost to perform the estimate will decrease. 


There will be less time involved in determining the cost 


estimate. The take-offs will be easier to do. A cost data 


base will eliminate detailed material take-off, labor 
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take-off, etc., because this information will be stored for 
Similar projects. Also, it will reduce the manual manipula- 
tion of quantities and costs. 

Third, the human error element in estimating will be 
reduced. [t will eliminate caiculation errors as well as 
provide a check-list to insure the estimate is completed 
correctly, 

Fourth, and just as important as the others, it is easy 
to use. Once a system is implemented, it will be easy to 
train new estimators to use the system. This will provide 
more concise and similar estimates no matter which estimator 
is responsible for the cost estimate. [It is also easy to 
revise the information stored in the data base. This enables 
the estimator to continually update costs, productivity fac- 
tors, etc., to assure accurate costing is being used in calcu- 
lating the estimate (26). 

The benefits are good and the estimated costs are 
accurate if the right system is purchased and properly used 


by the estimator. 
5.5 Summary 


Selecting a computerized estimating system is not a 
"pick-off-the-shelf" type purchase; especially if the esti- 
mating is the lifeblood of the company. It is a timely and 
costly process to insure the system to be purchased is 


capable of calculating all costs associated with the user's 
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needs. This selection process is well worth the cost and 
effort if the system that is purchased will aid the esti- 
mator in producing timely and accurate estimates. The 
software packages available must suit the company's needs 
or software must be developed for the company. Whichever 
the case, the computer is the new tool to aid estimators. 
The benefits and competitive edge gained with using 
the computer are sufficient to entice all estimators to 
inquire about the computer's capabilities. These benefits 
should encourage all companies to develop a computerized 
estimating system. With new technology being advanced every 
day, the transition from one system to another will be 
easier than trying to "catch up" to the rest of the industry. 
The estimator's competitive edges are here and they vill 


get sharper and sharper as today's technology is refined. 
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CHAPTER VI 
CASE STUDIES 


oT Introduction 


This chapter wili deal with the practical applications 
of computers when estimating the cost of construction. The 
case studies are based on interviews with various construc- 
tion contractors in the Gainesville and Orlando areas. The 
interviews are found in Appendix 7 through 10. This is not | 
an all-inclusive research of construction industries of these 
areas; rather, they are examples of how computerized esti- | 
mating has been incorporated in the construction business. 
The contractors studied range from a small housing restora- 
tion specialist to a multi-million doilar heavy, highway 
construction company. The application of the computer = the 
different estimating procedures varies as determined by the 


estimator and/or available software. 


6.2 Case Study I: Restoration Specialists Incorporated 


Restoration Specialists Incorporated is a small 
cnstruction company managed and operated by its owner, 
Richard Goodman. The company's main business is that of 
housing restoration work, both remodeling and insurance 


claim repairs. The dollar magnitude of their work ranges 
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from approximately one hundred dollars to ten thousand 
dollars per job. In order to stay competitive in this 
business, the company must have the ability to produce 
estimates quickly and accurately. To assist in estimating 
this type of construction work, Mr. Goodman has found the 


use of the computer to be very beneficial. 


6.2.1 Computer Application 


When the company began in April, 1984, the estimat- 
ing wes all compiled by manual calculations. The esti- 
mates produced this way were accurate but costly and 
time-consuming to produce. Тһе insurance adjusters were 
not pleased with the time delays in receiving the esti- 
mates. In early August, on advice from others, 

Mr. Goodman purchased a Commodore 64 to aid in his 
estimating. He did not purchase a pre-programmed soft- 
ware estimating package. Instead, he chose to program 
his own software. 

The program is very basic, but it satisfies the 
needs of his company. First, all the necessary input 
needs to be entered in the program. The input consists 
of: 1) who is doing the work (name and address); 

2) who is receiving the work (name and address); 3) who 
is the insurance adjuster (insurance claim cases); 

4) the units (square footage, lineal feet, cubic yards, 
etc.) for the items of work; 5) the material cost per 
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unit item; 6) the man hours to accomplish work items; 
and 7) the cost per man hour. Each item of construc- 
tion is entered in steps 4 through 6, one at a time, 
by answering questions on the computer. The computer 
then calculates the material cost per item, the labor 
Cost per item, and the total cost per item. After the 
total actual construction costs are computed, a per- 
centage of total costs for taxes, overhead, and profit 
can be added as desired job to job. The computer tlien 
prints out a final copy of the estimate one item at a 
time, and includes the percentage markup costs for taxes, 
overhead and profit. An example of this output can be 
Тоспа ia Appendia 6: 

To use this program, the units per area of con- 
struction work must be manually calculated, material cost 
from vendors must be accumulated, and labor cost known. 
This portion could be done by the computer, using a cost 
data base, but because the magnitude of individual jobs 
is relatively small, it is felt that it is cheaper to 
accumulate these data manually versus continually 
updating a cost data base. 

The use of the computer in this company has 
improved the accuracy and timeliness of their estimates. 
Also, the insurance companies and other customers are 
more than pleased with the detailed cost estimate 


printout. At this time, the computer program incorporated 
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by this company has proved to be very beneficial, if the 
company expands in the future, so will its computer 
application to estimating. 

The data for this case study write-up can be found 


in Appendix 7. 


6.3 Case Study II: Barry Ruttenberg Homes 


Barry Ruttenberg Homes is owned and operated by Barry 
Ruttenberg. The company is located in Gainesville. Barry 
Ruttenberg Homes specializes in home building construction. 
The majority of their construction work is single, unattached 
home units or attached home units (townhouse type structures), 
to be built in new land developments. Their houses are all 
constructed from similar type pians. Each new development 
has a set variety of housing styles from which to choose. 
They build custom homes, but this is only on a limited basis. 

Their estimating of job costs is all done manually. 
Because of the similarity in the houses they build (same 
square footage, lineal feet of walls, etc.), the estimates 
are relatively easy to calculate. The work is repetitive 
enough that the experienced estimator can predict the esti- 
mated housing cost to within 54 of the actual calculated 
estimate. They do have a computer, but its only function in 
estimating is providing a cost data base. This data base 
is an updated cost listing of all items they use in home 


construction. Because of their repetitive type construction 
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this type estimating has been sufficient to date. The only 
problem with this is that they are beginning to build more 
and more custom homes, thus the estimates are no longer of 
a repetitive nature. The cost of each custom home must be 
estimated from ground zero. A complete and total estimate 
is needed for these new structures. Vicki Welch's opinion, 
their primary estimator, is that if they continue to expand 
in the custom home construction then a computer software 
package will be needed to assist in estimating these costs. 
Software packages are available to assist them but until 
future expansion of the company they will continue to manu- 
ally calculate their cost estimates. The data for this case 


can be found in Appendix 8. 


6.4 Case Study III: Akira Wood and Building 
Works Incorporated 

The Akira Wood and Building Works Incorporated is owned 
and operated by Mr. Akira. This company does both cabinet 
and mill work and construction work. The cabinet and mill 
work comprises about two-thirds of the company's revenue and 
the construction work, mostly housing projects, comprises the 
remaining one-third of business. The information gathered for 
this case study can be found in Appendix 9, interview with 


Terry Rugger, Akira Wood and Building specialist. 
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6.4.1 Computer Applications 


There are two separate functions of the computer in 
preparing estimates. The firsc is using Lotus to prepare 
a spread sheet to determine the cost per hour of the 
cabinet makers and mill workers. This is done by input- 
ting cabinet production per day, hours worked, material 
costs and labor. 

The second phase is the use of the computer to 
determine the estimated cost of construction. The soft- 
ware they use is a pre-programmed estimating package 
from IBM. This is a standard package set sold by IBM. 
This software is very applicable to estimating their 
construction jebs because of the repetitive materials, 
equipment, labor and supervision needed for their 
housing construction. The construction work can be 
broken down into sixteen divisions. The divisions can 
then be divided into a possible ten subdivisions and 
the subdivisions can be subdivided into one hundred 
parameters (items). This division of construction 
work breaks the job down into phases. The phase can 
be floors, rooms, areas, etc., depending upon the user's 
wants. These divisions include the costs of material, 
labor and equipment to complete each phase of the job. 
These divisions can be input in any order or sequence 
that the estimator wishes. Once the input divisions, 


subdivisions and parameters are recorded, the estimator 
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need only input the take-off quantities (e.g., lineal 
feet of wall, square feet of floor, etc.) and the con- 
puter will then calculate cost per item, cost per phase 
and total projected cost. It must be remembered that 
the divisions, subdivisions and parameters need only 

be input once because these dimensions will be needed 
for all housing construction. The only needed input 

is the dimensions of new projects. The costs asso- 
ciated with each division, subdivision and parameter 
must be updated to insure more accurate estimates. 

The overhead and markup of the estimate is added as 

a percentage of total estimated cost at the end of the 
computer run. This computer's program offers flexibil- 
ity in the desired output the estimator wants. Examples 
of various outputs are item costs, phase costing and 
lump sum costing. 

The Akira company's application of the computer in 
preparing estimates is still in the preliminary stages 
because of lack of confidence and experience with com- 
puter usage. At this point, their estimates are being 
done by vhe computer and cross-checked by manual calcu- 
lations. This presently used process is expensive and 
time-consuming, but in time they hope to build confidence 
in the estimator so he will use the computer for all 
estimates. The computerized estimates they have done 
have been very accurate and there is a consistency in che 
results. The data for this case study can be found in 


Appendix 10. 
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6.5 Case Study IV: Hubbard Construction Company 


The Hubbard Construction Company's area of expertise 
is in heavy highway construction and heavy construction 


from the ground level down. An example of the construction 


from ground level down is the roadways and tunnel foundation 


of the Epcot Center. The company is located in Orlando, 
Florida. Their construction jobs generally range in costs 
from two hundred and fifty thousand dollars to five zillion 
dollars. The estimates for these jobs are time-consuming 
because each job is different; therefore, repetitive calcu- 
lations from job to job, like in housing construction, are 
nonexistent. There are many types of material, labor and 
equipment that are not used on every job. Because there is 
this lack of repetitiveness in jobs, the estimator cannot 
rely on one type of packaged software to complete the esti- 
mate. Therefore, the use of the computer for Rubbard Con- 
struction Company's estimates differs from the housing 


construction estimator's uses. 


6.5.1 Computes Application 


To date, their use of computers in estimating 
project costs is still in the preliminary stages. The 
majority of estimates are being manually calculated 
because there is no established set of instructions to 
gulde the inexperienced estimator in computer applica- 
tions. Thomas McClelland, a member of the estimating 
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staff, is working on the computer to develop a software 
package that will be useful for all types of construction 
jobs in which the company is involved. The best way to 
accomplish this is: 1) to set up a Syaphony spread sheet 
to list costs and items; and 2) to develop a catalog of 
all items that encompasses their construction work. 
With this all-inclusive catalog of items and costs, they 
hope to be able to input codes and quantities, hours, 
etc., of needed items to complete any given job; and the 
spread sheet program will recall the cost from the data 
base and then calculate the cost of each item of the 
project. The idea behind this approach is to have one 
cost data base but be able to modify it as per job. 
They are using the spread sheet method now, but the 
cost data base is not all-inclusive; therefore, addi- 
tional input of costs have to be included as per job. 
Refer to Appendix 11, the spread sheet estimate being 
used by the company. Appendix 12 is a listing of 
material costs by item number. This list is used 
continually. When an item number is called in the 
spread sheet estimate, it goes to the material cost 
index and, by multiplying this by the quantity input, 
его а  созЕ 13 сајецјасеа. 

The other job descriptions that do not have item 
numbers (e.g., clearing and grubbing), and which are 
not part of the data base, have to be input into the 
computer as tche job dictates. The -crew size, labor 
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cost and equipaent cost must be predetermined betore 
inputting this data into the spread sheet. This portion 
of the estimate does not save any more time than if manu- 
ally calculated. Once a catalog is developed for all 
these costs, the only needed input will be item numbers 
and quantity take-offs for the entire project. Then 

the program will calculate all the unit costs and total 
cost for the entire project. 

They also use a separate computer to assist in 
determining er-avation and earth work quantity take-offs. 
By inputting "X" and "Y" coordinates of a site and zero 
basing the desired elevation, the computer formulates 
a two-dimensional layout of the area. Then by inputting 
the various elevations, the estimator imposes a grid 
type pattern in the computer. The computer, through 
cross section analysis then calculates the cut and Ё111 
quantities of excavation work. The computer will then 
print out cross sections of the site, diagramming the 
fill and cut excavation to be done. (Ап example of 
such a cross section is found in Appendix 13.) Then 
it will print out the cut and fill quantities of each 
programmed cross-sectional area. (An example of this 
print-out is Appendices 14 and 15.) This approach to 
quantity take-off of earth work has proved to be more 
accurate, but not any less time consuming than manual 
calculations. The time to input all the variables of 


the cross sections that were preselected before 
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going to the computer takes as much time as manually 
calculating the quantities. The use of the computer 
with this portion of the estimate is left to the 


discretion of the estimator. 


6.6 Summary 





As shown by the case studies, construction companies 
varying in size, have found the computer a help in improving 
the quality of their estimates. The smaller companies’ use 


of the computer is basic, but it meets the companies! needs. 


дет тарифа умиљата дупља миса ја 


The housing construction companies, because of their repeti- 
tive work have the ability to work with packaged software 

to get their desired output. They save time and money by not 
having to program their software. Тне heavy construction 
соврапу, though, is tasked with developing its own software 


because of the complexity of its jobs The underiying fact is 
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that the companies, despite their place in the construction 
industry, feel the application of the computer when deter- 
mining estimated costs is very beneficial to the company іп 
both time and accuracy. 

Those companies that are using the computer hope to 
further develop their software to increase the computer's 
capacity to aid them. The companies that limit their use 
of the computer realize that the computer is a tool to aid 
them and feel that its use will expand in future operations. 

The cost data base is the most widely used phase of 
computerized estimating. This computer use is generally the 
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starting point for most companies. From this point the 
use of the computer expands to aid the estimator in all 
phases of estimating. Тһе expansion of the use of the 
computer is proportional to the users' confidence in 
working with the system. The results of computerized 
estimating are acceptable and accurate, meeting the 


users' needs. 
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CHAPTER VII 
CONCEUSTONS Ano RECOMMENDATIONS 


D. Conclusions 


Estimating is both a science and an art. There is no 
substitution for the art of estimating. This is totally a 
result of the estimator's work experience, job locale 
knowledge, and judguent. The increased improvement of an 
estimator's art of estimating is proportional to his time 
working as an estimator. The accuracy levels of the 
estimator's art of estimating varies; therefore, the science 
portion of an estimate must be as accurate as possible. This 
will help insure the estimated cost reflects the actual 
construction costs. If the scientific portion of the estimate 
is accurate, then the lack of experience of the estimator 
may not cause the bid to be either rejected because the 
estimate is too high or be accepted and have the contractor 
lose money because the estimate is low compared to costs. 

There are many ways to improve the science portion of 
the estimate, the biggest being reduction of human error. 
When calculating tne estimated cost to perform work there 
are various areas that manually calculated estimates can be 
bungled (пл labor, ctaterial or equinnenmt-cogts, there are 
various numbers calculated together and, if one is entered 
Enceorrebptlven/a caleulator, the estimated cost will be 
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inaccurate. In all the manipulations of numbers done 
manually, there is the possibility of a mistake. The 
probability of mistakes can be reduced if sufficient super- 
vision is used when calculating a cost estimate. The draw- 
back to this, though, is the more people involved in creating 
an estimate, the more costs and time required to produce the 
estimate. 

There is another approach to reducing human error aad 
that is having a computer manipulate the data to calculate 
the estimated cost. Having a software program that is 
capable of computing the given input data into needed out- 
put costs reduces tne human error element to this portion 
of the estimate. The only human error element left in this 
type estimating is determining quantity take-off values and 
inputting these values into the computer. The time and 
costs to insure the quantity take-offs are correct and entered 
properly into the computer is less than the cost to cross- 
check the manually calculated estimate. The use of the com- 
puter reduces the estimator's time to produce the estimated 
cost. It also decreases/eliminates the calculating errors. 
Properly used, computerized estimating will produce an accu- 
rate cost estimate that is less expensive to produce than the 
manually calculated one. 

The cnallenging part to using the computer in estimating 
is obtaining or developing the computer software that will 


produce the desired estimated output. The software can 
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either be purchased as a complete package or developed by the 
company tO insure it produces the desired output. 

The question of choosing computer software is the most 
important for a company. irom the case studies reviewed and 
material researched, there ere some basic conclusions that 
can be drawn: 

1) If the company is involved in repetitive construction 
projects (i.e., building standard model homes), there are 
various software packages availabie on the market today. The 
company is tasked with reviewing the available packages and 
choosing the one that best fits its needs. One such package 
is the IBM software package used by Akira Wood and Building 
Works Incr-^»orated for housing estimates. 

2) Smaller construction companies, such as Restoration 
Specialists, whose work is that of small rehabilitation jobs, 
can write or buy a program without having an outside agency 
insure the package fits their needs. It is not a large 
financial investment project to purchase adequate software 
to perform the estimating. 

3) Highway and neavy construction companies are faced 
with developing sufficient software to perform the needed 
functions to arrive at an actual cost estimate. There are 
attempts by computer companies to package similar software, 
as exemplified in Appendix 5, but the results are not posi- 
tive. Hubbard Construction Company was experimenting with 


this particular package, but they felt it would not 
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sufficiently; estimate the projects as desired by the com- 
pany. Hubbard will continue to review available packages 
but, to date, the consensus is to write their own program 
to insure the results are what they need. The conclusion 
reached in this area of construction is that the software 
must be developed by the company. There are too many var- 
iables that the packaged software cannot account for 
because they are geared more towards repetitive type con- 
struction: 

4) Desk-top computerized estimating is no longer 
a thing of the future; rather, it is a thing of today. 
Before purchasing a computer, a company should be sure the 
software for the systeu is capable of outputting desired 
results. It is best to purchase software before buying 
the computer system. 

5) Computers do reduce the human error element of an 
estimate. The more precise the estimate. the better chances 
of winning the contract award. 

6) Computerized estimating does not stop at the cost 
output. It can be used to assist in job scheduling, quality 


control, and other phases of the construction industry. 
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Eighty percent of all costs in cost estimating are 
repetitive Бог most construction companies. А good cost 
data base and sufficient software programming will increase 
the accuracy of this portion of the estimate. The remain- 
ing twenty percent is dependent upon unforeseen circumstances 
that must be accounted for by the estimator. His judgment, 
knowledge, and experience aid him in producing an accurate 
cost for this portion of the estimate. With this in mind, 
it is obvious that the estimating department that is up to 
date in its use of technology aided estimating (the computer 
estimating system), and one that has an adequate training 
program to develop potential estimators will produce the 
most accurate estimates as compared to actual construction 
costs. 

The training plans of the estimating department may 
vary but it is imperative that the department get involved 
in adopting a computer system to aid them. The recommended 
Steps to get started in computerized estimating are: 

1) The company should review available software packages 
and select the five top packages; 

2) From these top five, rank them as per their 


capabilities to assist the user; 


3) Ask these software companies wnat hardware is best for 


the company. Insure that the hardware system is capable of 


63 


————— M —— 


лае 


м 


expanding its uses (scheduling, accounting, etc.) as fore- 
casted by the company; 

4) Go with the hardware package recommended by the 
software company; 

5) If a software p2ckage cannot by purchased, it should 
be developed before purchasing a complete computer systen. 
The hardware purchased should be capable of any anticipated 
future company uses. 

Finally, by involving the company users in the develop- 
ment of a computerized estimating system, the transition will 
be easier and smoother. The users will have a system they 
are familiar with and so they will utilize all the computer's 
capabilities within a relatively short period of time. The 
entire company will feel the benefits of computerized esti- 
mating because more timely and accurate bids mean more work 
апа ртов 

Today computer estimating systems are state-of-the-art 
tools for estimating. A competitive construction company 
should begin gearing its estimating department towards using 
computers and, eventually, adopt a computerized estimating 
system. The construction company will benefit in savings of 
both time and money by utilizing a computer system. Esti- 
mating is the hinge to a contractor's success. Keeping this 
hinge in the most up-to-date working order opens the door 
to prosperity for a contractor. Good estimating means good 


business and computerized estimating means better business. 
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APPENDIX 1 
ТІРТГСА ОРТ ТАЗТАҺБАТДОМ FACTORS 


Item Installation 
Соз: (2) 
Belt Conveyors 20-25 
Bucket Elevators 25-40 | 
Centrifugals, disk or bowl 5-6 i 
Top suspended 30-40 : 
Continuous 10-25 
Crystallizers 30-50 S 
Dryers, continuous drum 100+ ij 
Vacuum Rotary 150-200+ | 
Rotary 50-100 | 
Dust Collectors, wet 200-4504 і 
Dry 10-200- | 
Electrostatic Precipitators 33-100+ | 
БЕСС т1с Могогз Р1из Сопёго1з 60 | 
Filters 25-45 
Gas Producers 45-250 
Instruments 6-300 
Ion Éxchangers 30-2754 
Towers 25-59 
Turbine Generators 10-30 


(* includes accessories) 


Adapted from F. C. Jelen (ed.), Cost aad Optimization 
Engineering. 
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APPENDIX 2 
РКОСЕЗО ВЕРАН СПОР АЛЫШ) 
FROM ТНБТУТОЦАЕ ВЕРЕ 


Equipment 


Blender 
Bluwers and fans 
Centrifuges 
Compressors: 
Centrifugals, motor driven 
Steam turbine 
Reciprocating, steam and gas 
Motor driven 
Ejectors 
Furnaces 
Eeat Exchangers 
Instruments 
Motors, electric 
Pumps: 
Centrifugal (motor driven--less motor) 
Steam turbine (includes turbin) 
Positive displacement (less motor) 
Reactors--factor as approximate equivalent 
type of equipment 
Refrigeration 
Tanks: 
Process 
Storage 
Fabricated and field erected 
Towers 


From W. F. Worth, "Factors in Cost Estimation.’ 


* Factor multiplied by purchase price to 
obtain installation cost. 
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APPENDIX 3 
SQUARE FOOT ESTIMATE 


Illustrative estimate. A certain building is 40 by 60 ft 
in size and consists of a basement; first, second, and third 
floors; and attic. The cost of the building was $115,100. 


Compute the cost per square foot of the building: 

l. Based on total area of three floors, basement, 
attic, and- roof. 

2. Based on total area of three floors, basement, 
and roof, assuming basement to cost 60 percent of the cost 
of the first floor, attic floor to cost 40 percent of the 
cost of the first floor, roof to cost 50 percent of the 
cost of the first floor, and first, second, and third floors 
to have equal costs. 

3. Based on area of the three floors, assuming the cost 
of the first floor to include cost of basement and to be 
1.60 times the cost of the second floor, and assuming the 
ost of the third floor to include cost of attic floor and 
roof and to be 1.90 times the cost of the second floor. 

4. Based on total area of the three floors only. 


Solution l: Sq ft 
Basement area 2,400 
First-floor area 2,400 
Second-floor area 2,400 
Third-floor area 2,400 
Attic-floor area 2,400 
Roof (horizontal) area 2,400 
Total 14,400 


КЕШІ Ж 
Cost per square foot s РО 7 925900 
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APPENDIX 3 (Continued) 


ОЛИШ опише Approximate 
Estimates 
ЗОВ Е 
Basement area, equivalent = 2,300 x 0.60 1,440 
First floor 2.400 
Second floor 2,400 
Third floor 2,400 
Attic floor, equivalent s 2,400 x 0.40 960 
Roof, equivalent = 2,400 x 0.50 1,200 
Total equivalent area 10,800 
Cost per square foot, first, second floors 
= $115,100/10,800 = $19.66 
Cost per square foot, basement = $10.66 x 0.60 = 6.40 
Cost per square foot, attic а $10.66 x 0.40 - 4.26 
Cost per square foot, roof = $10.66 x 0.50 = 5 55 
О Nery Onno): Sq Tt 
First floor, equivalent = 2,400 x 1.60 во 
Second floor 2,4509 
Third floor, equivalent = 2,400 x 1.90 4,560 
Total equivalent 10,800 
Cost per square foot, second floor = $115,100/10,800 = $10.66 
Cost per square foot, first floor = $10.66 х | = 17.06 
Cost per square toot. third floor e mo lo. 66 xF “. 20.25 


Solution а Sa fE 
First floor area 2.400 
Second-floor area 2,500 
Third-floor area 2,400 
Total area, three floors 7,200 


Cost per square foot = $115,100/7, 200@=4916_00 


68 


| 
Е} 
| | 
x 
| | 
| | 
x 
| 
| 





APPENDIX 4 
CUDTCSFROOT ESTIMATE 


Illustrative estimate. A certain building is 40 by 60 ft 
in size and consists of basement; first, second, and third 
floors; and attic. The heights, including floor thicknesses, 
are 8.5, 10, 9, and 9 ft for the basement, and first, second, 
and third floors, respectively. The average height of the 
attic із 7.5 ft. The cost of the building was $115,100. 

1. Compute the cost per cubic foot based on the total 
volume of the building in cubic feet. 

2. Compute the cost per cubic foot, allowing 60 percent 
for the basement, full value for the three stories, and 
50 percent for the attic. 


Approximate Estimates 


Cubic feet 

Solution 1: Cubical contents: 
Basement = 40 x 60 x 8.5 20,400 
Eirst floorw» 40 x 60 x 10 24,000 
Second floor » 40x 60 x 9 21,600 
Third floor » 40 x 60x 9 21,600 
metic = 40 x 60 x 7.5 18,600 

Total 105,600 


Коз рег cubic foot №, $115,100/105,600 = $1.10 


Solution 2: Equivalent cubical contents: Cubic feet 


Basement = 40 x 60 x 8.5 x 0.60 12:240 

j St floot 24940 x 50 x 10 24,000 

Second floor » 40x 60x 9 215600 

Third floor » 40x 60x 9 21,600 

Attic = 40 x 60 x 7.5 x 0.50 9,000 

Total equivalent 88,440 
S115100 $1.30 


Cost per cubic foot = 88,440 
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АРРЕМ О КБ 
MANAGEMENT COMPUTER CONDROESO IC (Mc?) 


Examples of the мс? Packages' Capabilities 


= arya es FOR Re tet ee ten 


THE SUMMARY FACTORS 


The Summary Factors screen allows you to enter a 
miscellaneous contingency either as a percentage or as a Lump sum 
dollar amount. This allows the flexibility of +Не ВГОПАУ System 
to accommodate any possible type of contingency or special item. 


Management Coaputer Controls, Inc. (CyMCI1984 
610d ld: SAMP SUMMARY FACTORS 0g 46 10 
Баз>/А1% Oescription......... SAMPLE EUILOING 
Eabor Burdan оосо 21.0000 % 
Material Sales Тах........... 6.202350: % 
aubcontrcace Bond... ....i..2.-3 33.0000 € 
О са СО а а vos s x s + 
Gross Receipts Тах........... % 
па шале... Фит ео. .3400 % 
MISCELLANEOUS #1 (%) i $ 
MISCELLANEOUS $2 (Í) x 
Y (Y/N} 


Calculav band? 


ODODO Overhead & Fee Calculation Methods 00000 


: = % of qross MEC 3 = X of total bid 
e — x of LL. MESS & — F1xed amount 
method *t/*/Labor Material Equipment Subcontract 
Очегпе за 2 15.0000 5.0000 20.0090 3 0000 
Ро э 25.0000 


OOOO0DOOOOODODDOOOOOOOOOODOOOOOOOOOOOODOCOOOOOOODOOOOODOOOOOODDOCODOODODDOODOODODO 
f1-menu Ра—боттагџу F3-Base/n^lt Id F7-t€nd of Job FB-Print Eid 


You msy access this screen directly from the Bid Sheet screen 
so there are no intermediate steps when you wish to change your 
markups. 


al 





THE HIDO SUMMARY SCREEN 


Flease examine the sample Summary screen from FC НТОГПАТ, 
Shown next. 


Management Coeputer Controls, Inc. tCIMC)I1984 
Bid Id SAMP SIOOAY Summary 11 08 47 
SAMPLE BUILDING 


қазог-Са 22 Е И 207,500 
Сабос burn / Total Барбос со 777 43,575 651,075 
пасесла1 Со ас S SP A E 385,000 
Materyal sales tax / Total Material Cost.... 23.581 408,581 
Equipment Comt.o¢ 2204 oe nee ee ы 65,000 
Subcontract Соз а Е о и МИ и s sss 652,000 
Subcont-act Sond / Total Subcontract Cost... 1,300 653,300 
Other Со m... LL E E E A ТИОТ 
Total C M ESS / Gross Со ба аи И К 1.397 590 $1,377,956 
Indirect Expenses 
9г055 Несбірі Так. eo S ss и 
Insurance . . .-.. V M comm IT eee 3,053 
MISCELLANEOUS $1 ($) 1,500 
MISCELLANcOUS фе (1) 
Bond | а вв а UI CU CC RE P 14,003 
Overhead. Е: 90,689 
Fee . . эс. о. СИИИ ога 
Total Indinecet Ехрљоњио.. ... .. селе о сл 0. 111,832 
Тотай Ва”... се о LEES $1,489,211 


Af ter a quote 15 entered, all Labor, material, subcontract 
and eauipment prices, as well as all taxes, burdens and fees are 
automatically updated to give you the most accurate bottom Line 
possible. 
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ШИЕ СТІ SHEET SCREEN 


Managesent Coaputer Controls, Inc. (C)MC21984 
BID SHEET 
Bid Id. SAMP а5 оҒ---) 11 08 59 
SAMPLE BUILDING 
Tree Description Labor Material Equip. Sub. 
100 Ceneral Requirements 120,000 C 85,000 C 20,000 C 
222 Excavatıon È Bacrfill 2,500 C 20,000 X. 
230 Lawns & Planting 20,000 А 
330 Cast-In-Place Concrete 15.000 С 250,000 С 25,900 С 
490 Masonry 61,000 X 
250 Misc & Ornasental Metal 10,000 С $50,000 X 
750 Roofing & Sheetaetal 150 SQUARES 48,500 Я 
925 Cypsus Огума11 62,500 x 
1500 Pluabing 65,000 5 
1560 HVAC Systeas . 220,000 Х 
1600 Electrical 175,000 X 
Totzls say include iteas not shown on this screen 
Enter ites €$ 00000 207,500 385 000 45,000 652,200 


BIO TOTAL $1,469,211 Total L,M,£55 1,309,500 


The Hid Sheet screen contains not only each item for the 
Project, but also ’Action Codes’ next to the labor, material, 
subcontract and eauipment costs for each item. Action Codes 
designate the status of the quote; whether it is a firm ruote, a 
Ruote to be bonded, a WAG from your estimate or work to be done by 
your own forces. The Action Codes automatically highlight bid 
items that are not firm numbers. They also play a major rote іп 
bid analysis, a feature discussed later. 

To select an item for closer examination or for entry of a 
new quotation, you simply type the item number on the Hid Sheet 
screen and press ENTER. 
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НЕ БІЛ ТТР C REEN 


The Rid Item screen expands the information for a particular 


item Listed on the Bid Sheet screen. 
you want to review or enter a new quotation. 


for labor, material, eauuipment and 
the Bid item screen. 


This screen is used whenever 


There are bid totals 
subcentract at the bottom of 


AS you can see on the screen below, dollar 


amounts are stitl entered according to cost type (T); Labor, 


Material, Ea1uipmert ovr Subcontract 


BIO ITEM 
Bid Id. SAMP 


SAMPLE BUILOING 


Item 00222 Excavation & Backfill 


CEA IAEA SD 


(C)MC21934 


as cf---) 11 09 35 


Watn tax 
Bid Б Ссевепї 5 & Ins. 
= Баг 7-2. 2,500 C OUR FORCCS 3,025 
m-"naterial.. 
E£-Equipsent. 20,000 X ESTIMATE 20,000 
$-Subcontract 
Estisate 
Total 22,500 50,900 23,025 


20000000000с0000с0000000000000000с00000000с0000200020с09200900000с2200000002005907? 


3 y AMT. C 
3 


Coseents 


3 
3 


eooooooooooooooooooo0000000000000000000-90000000000000c22200090200000000000006000Y 


С=Сарог 
M-Material 
E-Equipsent 
S= Sub On tea cit 


X-Estisate 1 
Е-Ејга Est 
Q-Quore! tice) B-Guote 


С-Совоапу fo^ces 


Under the entry window, notice 
designate the states of the quote. 
the C in the window followeo by any 
concerning the < чо їе. IT you chose 
РС RILDY automatically :nserts the 
Е Ме 


( »„— . )—+,.—1|_) * 


W-Wild guess 8 
R-Replaces ail 
{ опа) 
H-Mistary only 


O-OTHER 

e-USER ЕО 
3-USEA COO0E 
a-USER CODE 


bw 


the listing of codes used to 
These codes are entered under 
Comment you may Nave 

not to use *he Comment field, 
description of tine Act on Code 


B&lsaeao notice that there are four miscellaneous codes 
These codes may be defined by you to reflect any 


Unt TUM a* tribute от @ раг СО ое 


Action Codes add fliexibitity to 


Lange) 


tne FC HIDLAY System. You no 


have to appiy 2 Subcontract bond to dl i veubeant: ect јао се= 


in à Bid, Cut only those quotes where a bond 15 required. 
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1 THE HISTORY WINDOW 


a 
БЕО TEN (СМС 1964 
Bid Іа SAnP 
SAMPLE BUILDING ме ат---), 11 24 23 
20000000000000000000000000000000000000000000007 
Ites:00100 General Requiresents 3 = Histarcyo=— 3 
Bid З мо. T Caomaants Е Amsount 3 
Пао г....... 120,000 3 1 L ORIGINAL ESTIMATE X 1299700003 
3 2 M ORIGINAL ESTIMATE X 85,000 3 
M= aterial.... 85,000 3 3 E CRANE Фа X 20,000 3 
3 4 L OUR FORCES C 120,000 3 
D E-Equipment .. 2 05000 3 5 ñ OUR FORCES C 85,000 3 
3 é E OUR FORCES E 20,000 3 
| S-Subccntract. а 7 E CRANE Фа С 20,000 3 
б. 3 8 Е СЯАМЕ $2 С 20,000 3 
|. ПЕМ... 225,000 3 £9 E CRANE Фә С 20,000 3 
3 E 
2000000000000000000000000000000003 а 
EST AMT. 3 3 
3 3 Enter Line No.000 3 
2020000000000020000000000000000000000000000000000000000000000000000000000000000 Y 
L-Labor X-Estisate 3 W-Wild guess х O-OTHER 
M-"ater1ial FeFire Est. R-Replaces all @-USER CODE 2 
E-Equipaent Q-Quatelfirs) 8-Quote (bond)? 3-USER CODE 3 
б Bosubcontract C-Cospany farces  H-History only 4-USER COOE 4 


Тһе МСО ҒС БІППАҮ System keeps a history of atl quotes 
received for each bid itein. Simply pressing a function Key on 
your FC “opens” this window and allows you to view the history of 
an item while judging the validity of a particular quote. Ну 
pressing a single function key, you may also select any uote in 
the history to replace the current quote on the bid item. 
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THE BIG амастојо ЕНЕ 


К.а Analyste is designed to give you more control and 
security in determining your risks and fees for a project. ALL 


risks and fees may be instantly updated using the screen shown 


below. 
Bid Id. SAMP Managerent Cosputer Controls, Inc. (Cince 1984 
SAMPLE BUILDING 
Contractor's Fee Calculation Methods 

т = 1 of Geass 3 — 1 of Total Bid 
2 - X of L,ñ,EsSsS 4 — Fixed Amount 

Method l/$S/Laborc Material Equiprwent Subcontract 
е 10.0000 8.0050 3.0090 2.0000 


Fi-Return to Analysis, F7-Return to Menu 


If the ratio of work done by your own forces is 
disproportionate to the amount of subcontract work, you may want 
to adjust your fees accordingly. This screen gives you that 
option and is accessible from any of the Analysis screens. 
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Wie te ee А 


СИ 


Едз-Ваљеј/А1ћ 18 


F4-Change Fee 


F3-Mest Analysis FT7-Reiura ta 


31g ig fan? "aneqeeent Ca3eQutsaro Canerois, “ac. tC)^C2 1984 
910 АЧАЈ75915 : 11 9533 
SAMPLE 8UÍLOIAC 
CIOE 3ЕЗСА:РТ:СМ Дач COST 1 TOTA. CCST 1 
X ESTIMATE 288,300 43.0 400,390 40.3 
a F1RM QUOTE 49,500 3.7 49,224 8.3 
с OUA FORCES 587,300 44.8 $41,319 44.4 
3 QUOTE BOND $3,000 5.0 +7 ,290 :9 
Undevined 20,000 1.9 20,299 . 4 
Totals 2 6 00s 1,309,300 100.0 1,398,322 33 9 
алое... 90,489 6.1 
Cantractor’s Fee. оон, 
$39 Тоъа\...... е а 1,489,211 100.0 


Мес FR-Aall 


(C)nC2 1984 


Яуза Id. SAñP 


"anhagesent Coeputec Controls, Inc. 


Raw Labor 

“ Material 

“ Equigeent 

" S$ubcaniract 


Loaded Labor 


= Material 
5 Equipeent 
ro баосааћгасљћ 


[ndireci £xpensest 
Qvernead 
Fae 


ЕЭ-8азе/ А1 14 


8102 Id. ЗАМР 


810 АМА 515 ІІ 11 23 3% 
SAMPLE BUILOINC 
Aeaunt Lt af Bid Aet af taad taf Rew 
207,300 13.3 47,489 22.8 
383,000 24.% 23,932 TL 
$3,000 4.2 1,013 123 
832,000 41.7 11,404 157 
234,989 16.3 
414,930 26.3 
66,013 4.2 
$63,484 42.3 
81d Total 1,5«2,334 
21,480 1.4 
90,489 5.8 Estieate 1,348,300 
72,809 4.7 1 97 818 84.3 


F4-Changae Fee F2j-Meni 


Analysis | F7-Qeturn io Men, 


Maneqgesent Cosputer Conirals, Inc 


(С3МС2 1984 


$10 AMALYSIS III 11 27 01 
БАМОЦЕ BUILOINC 
COOE | OESCRIPTION алы COST 1 TOTAL COST 1 

X  FSTIMATE Mat 30.000 3.8 33,890 34 
x ESTIMATE Sub 318,300 89.7 384,282 83.7 
x ESTIMATE Е ЧР 80,000 173 20,312 1.3 
Q ғам QUOTE Sub 49,300 9.7 49,23% 8 2 
G 39a FORCES tab 207,500 15.6 254,999 14.3 
C OUR FORCES Мек 235,000 25.4 881,061 23.1 
С QUA FORCES Е ар 45,000 8.4 43,701 2 9 
^ QUOTE 80x0 Sub 45,000 3.0 +7,333 4.3 
Undefined Sub 20,000 1.3 20,312 1.3 
Totals 1,209 300 1000 1,399,434 89 3 

Overhead 222 4007.56 E 90.5989 3 8 
Conirecior's Fea п 72,80% 4 7 

8,0 Тазе1 У 1,342,934 100 0 


“...72а%% 14 


F4-Change Fee 
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APPENDIX 7 
INTERVIEW” WITH I RICHARD GOODMAN AND MARI GREEN 
PROMMNES DONA EON SPECTALISTS OR OGNUENESVIDLE 


Company began April, 1984 
Work is generally Rehabilitation, after fire, storm, 
water, etc., damage--insurance claims 
Owner involved in ths type work since early 1960's 
New construction work is limited 
Jobs usually range from cost of $100 to $10,000 each 
Jobs mostly kitchen repairs, plumbing, room restorations 
Estimating originally done manually 
Advice of accountant went to computerized estimating 
Software was written by company 
The Commador Computer was then purchased 
The program is very basic 
- input data are: a) unit costs 
b) quantity take-off 
- the computer output is per line item 
- markup and profit are added in at the end 
of the computer run 
Appendix 6 is a copy of the output 
Estimates are accurate and done very timely 
Customers like the detailed output--list all costs 
Future potential of company is undecided 
The computer applications to the business are increasing 
The users like its user-friendliness and are happy with 
the output results. 
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APPENDIX 8 
INTERVIEW WITH VICKI WELSd 
FROM BARRY RULTENBERG НО РОА АИ РАТЕ 


Тће сошрапу has been in operation since 1973. 

- They specialize in residential single and attached 
family housing. 

The units they build are all similar with very few 
custom homes. 

Because of the repetitive construction projects the 
estimating they do is relatively simple. 

The builders can predict the costs of the units within 
5-10% of actual cost--a guesstimate. 

The computer they use is a Texas Instrument and is used 
for word processing, job scheduling, etc., but it is 
only used by the estimator for a cost data base. 

Similar projects reduce the need to expand the 
computer's application. 

They are building more custom homes, and if this trend 
continues their use of coaputerized estimating will 
also increase. 

Until this is certain, expanding the use of the computer 
would only benefit the estimator and not be cost 
efficient for the company to expand it. 

The estimator of the company, Vicki Welsh, feels 
computers are the estimating tool of today. 

The data base reduces her work load and increases the 
accuracy of the estimate. 

Vicki Welsh feels they will increase the estimating 
office to include computerized estimating as tneir 
projects diversity. 
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APPENDIX 9 
INTERVIEW WITH TZRRY RUGGZR 
ОА ОВ BUILDING INCORPORATED 
OPS GAINESVILLE 


- This company specializes in both cabinet/mill work and 
housing construction; cabinet/mill work being two- 
thirds of their work, and housing construction the 
other oae third. 

- Terry Rugger is an estimator with the company, estimating 
both cost of cabinet fabrication and housing construc- 
trionccostss. 

- The nousing construction projects are estimated differ- 
ently than the cabinet/mill work (shop work). 

- The shop work is estimated by updating a cost data base. 
This data base is used to determine estimated costs 
to fabricate cabi.ets. This reduces extensive paper 
work and gives the supervisor a basis for monitoring 
shop output. 

- This is set up on the Lotus spread sheet listing al! 
cost materials, and labor needed to construct pieces 
in the shop. 

- The housing projects are estimated both manually and 
by computer. They use the IBM pcx computer. 

- They use a package softwa:e program produced by IBM, 

The input to run the program, quantity take-offs, 
are manually calculated. 

The program retrieves cost data, as per wall type 

input and calculates the estimated costs. 

- The form of output is flexible (e.g., floor areas, 
item by item, phase by phase, etc. 

- Overhead and markup are added in by multiplying a per- 
cent by total estimated cost. 

- The program is good but the estimators are unfamiliar 
with it, therefore it's use is limited. 

- The estimations done by the cemputer are accurate, but 
because of the lack of confidence in the system, the 
results are checked against manually calculated costs. 

- The company sees great potential in the system, and its 

uses will increase in the future. 

The only problems with the system is that the hardware 

was purchased first and they are working out the bugs 
in the software to make it compatible to their needs. 
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APPENDIX 10 
INTERVIEW WITA CARRI ENLOWTAND TIOTI SEEC ECECAND 
FROM HUBBARD GONSTRUCT ION COMPA TROE ORRENDO 


Mr. Enlow is Vice-President of operations. 

Mr. McCelland is Assistant Vice-President of Estimating. 

The company involved with construction from the ground 
level down (highways, large foundations). 

They specialize in heavy highway construction. 

Costs range from hundreds of thousands to millions 
of dollars. 

Projects are not similar as is the case for houses. Each 
job has tu be evaluated individually. 

Because they need individual detailed estimates for each 
job, the estimating department has gone to some lengths 
to improve their estimates. 2 

They purchased a software раскаге "МС“" 
meet their needs. 

They are presentiy developing a catalcg of iteas in a cost 
data base to include all possible phases of their con- 
struction project. Also a symphony spread sheet to do 
the entire estimate is prepared. 

To date the spread sheet is used but is limited in its 
use because the cost data base is not sufficient for 
all projects. 

They are very much impressed with the computer's capabil- 
ities and its potential in bettering their estinates. 
They also use the IBM to assist them in preparing quantity 
take-offs for excavation work. It is as time-consuming 
as manually calculating the quantities but there are no 

mathenatical errors in determining quantities. 
Printouts from this program are precise on cut and fill 
quantities and give two-dimensional sketches of cross 
sections. 


but it does not 


82 


А дал а 


=a s= 


ғұ 


LI SI IE A AEE RENEE SNE ET nim le MPLA отр орион CLG | OIE YB PG POE ILE PO EOL wTwipaye—”” ate 9 


и 2 т с 


. 
P>... == = "> == ый аи 





ЯЛІЮ10 49%у4$ дазмная 
А111102Ү31 14Ү/Я%5 1450 


II XIüN3ddV 


~ 


yu ej ù Xaa waku -& чи мә Аттай»  .4 2 4. vd. k. 


















|+— p 7-- -——/; -—— n - —— m e G y  , „ „шыт жо эб .-. om, . ———— tma  - rn r. est 

(ыи 1800 i 149 1000 ” 01 qu VW vat ТЕТІ ии У ү МР ИУ. us 
6771017 Тр 109 1019 ` 19701 ИТ о ми est өлі Hea м; vgl d» мА СИНЕМ 4520.9: G9 1008 
сити бајт {0% : 070 00 41 oE T а | ми w^ pnt и 9511 % тр: JAWA mv f 1571.0. 971 42 1 
ТЕТЫ ГЕНІ 184% 1900 0701 65 1111 ‚л бу) еу „сө A ony 3 we у ма 911971791 1394.71: 91m t 
107815701 52001 1 (979 10001 0601 өстен ии аа ^) qt el а и BoA IIO 1500 9 acd r8 
! 17980751 ONIA A 1909 101701 970% (435.774 И №: (gt к и мои: им 16:12] 15926 „1: о: 49; 9 
| 6: ^380*9 3 101 15074 + Ou ri $0 tt? (UM etl ки им u st 0: 1:t'H 04^ M мя од ) Уа 29: 6221511 
1 0177001 иза 15079 ; 0014 вк!" са eis au ии “а uw ". € 41H Gs) V1.0 Hee 
1 $; 7879 667171 11067 1064 0,1 ”“ 524111 С. SUM зи есп к" л: $2015 ее 
УТЫ (0201 1407 ind юетн ен иг; “P (l мм. .% COE tit чи ; пи oe 2 DAN се 
55 (С 197 101 U 971 Ie ТҰЛЫМ 4981 ton n "TR 111 pu ме 150 4D bt; ^12 40161 
! 0701 00701 } 00-9 || 0071 69701 бағы fw] wet end : 1979 WIV le : ect 
ом EI 9% 594 LES E orn 0075171 гой Же the tf eU ми 65g acts ТІЛІ 411316 e), 1 Tita gt): tps 
A Cp 7 87755 б осе 09701 ЛЕ “0% “сул mM ө%! "iSe ow $* Y аи 
быз На 60175 OwO 00701 та ae" 043 wu ect S т (04 27 ЈУРА 119,571: 6856 n7 
I $5 8151 Seng 146 1010 (01 иле, € t “(1 w xf 04714 м cost Мы тоў а ts as 
{к 101 зк 180% 10070) 0074 eU nn ы wt 424. ии ы! 1:41: wA d ATTN SG cs 715 
' 91-09521 МИ SUS ле mcg 02793 ‘И итал РИИ hnc M Ая ОКЕ ТТР 1х 
| 827097514 20707: 995 : 07'0% 90771 они бо н 5 (in MET “".(! 1 711 чм УР и: Ми 
00 8А" 78 ^l } 605 100701 ^01 ТАҒЫ) [wt г. Ü 15:0 с "и гм qi y; и мале 
157704579 ИТ 1 10 ç Torn ТИИ. со Var 1.7 "смен қи Osea ts 724 i le: и у.е 
OF (611 08:51 (950110001 (470% 19911 им Е сун ‚ча "и S gp vs WC 99S енг” 
' со са изи {06 100° RS И 09 1:5'61 cd «Cot i ài өзен tust лым қал 3*4 0; "5 1 15€ 
та 19701 } 10-5 % 00704 67050 ги e* 0H SMU (19151 ци 0920711 сч гам! стек ТИК 
MONT 0771 056-1090 ~“ юе m 91 (n : 4174 3147171 : 5% 
ШАЛ 9145} {0% 100701 осе ИЛА чи 9» 3.11 e) gut "лес мар | у)» 1715625 20; 49170 0 h 
07501?) $5 0919. 1971 1001 09701 "г Ө M Ng ^c (^nt (uU o: t) ја еј: 21: 71514 
' 62 9781 SEI [$574 1000 90701 OL tin ии н e^ ei ки ж по б асыр £ j Ç + 
І 507087714 55M {0 0100760 $001 ва со "517771 "с “қын ыс баек ме 
ЕГІН ales 10) 1 00°08 ^0'0l 61 91 57%" CI и ent (8 g W e v7 2*4 oct 2:19 Ie I 
| es7718' Ct ичи $207) 10701 00704 SUmI (e es ng (à e vr Qn D ey PY See bs Abend Ise 
td B49 {Сс ТУ 100 9970544 00:05: Qn" MI “е! м ви өсе %@% t 1 WI 58144 71. 12472: Б T 
' 90-61 00°98 {00 10008 09-91 e wring ong тате аи : ма e 
102 328'(91 СП тя и 04701 0044 wt н etit “и ом USD MICH: и: 
509900111 au 1005 1064 м ct мм e) м w PL Eo 1 4) 047 иа р (t 
О t1 12107 :07799l'(1 I^ ft (0 "96717 43701 047" мм (1 С. 0 Vu (a) ree 911191247 $45 2910773): SA 
! 62588114 62 C1 1100 10979 өм 12701 (rm ave “и “4:4 ы" 1 а) 0^58 WUT NTO WET se И: 19 { 
09704 00704 100€ 10004 (4771 оғ“ “201 мо : Pae SYS 38:6 : ^: f 
РКИ ТЫН 1802 1 (9% 04 v, ^y (ctp өлі м гит Sle, @ 9I Xy noes Ar 
ПЕ ЛЬ (аб | 10° 1 rcg (^51 Mg “м “о ча 61 мн t $11 „бер by ETT +: a: 
I SZ 1061 и 1907 1000 9974 ftu %%4 АД “ері ft. 0t ey ot TUNS: 5 
1 902092771 170 1 1072 700704 047601 > | ^ ы” 1774 ит баб екет} Bie ery: © 
ome ele 47744 10% 1 007 6) `01 езі ^) Qr 71 el (4 e cnn Uu олча 49157 0115: к? 
|387658'1171 bit 4072 5 8059" дор Сг 09701 9 (ум 8 93772 "и 833) o Porra АИ пм ен ТУ 
! 05 10021 $6 ¿I 0L 19979 0001 ye M се" мути чи сва "сч 10” Ui eat pu rote) SUD 
Iova $301 1 162 1000191 12°08 9:01 Qn ev ot фе ге к! юс 47" Е мт (13 м? =]: [v 
! (0:91 6501 port 0109754 00701 (974 "0 t^ 01 бању : нео: ІЗ ; @ ° 
| 1?:£235'8511 1215/8518] 0078. : 00769181 6070077 NUI tay latif 0a «41 "ум оба OA eh On Alay Mme cso $v ш!) ү? N14 
Е = еее ------.-.)|-------4- "le mw er lec aae memet dixe xe EIER we E rS .-. <“. ................ ... ........ + ... . "ш ст о ® эө = э : 224... ааа эзе =й = Ке .. Е сае е = 
1 INOW’ БИІ!!! LANON” 33144 LINN LANNY 3144 ИМ gov 17191 ҹа IY Duy atmo I: r pin qm: Dui 474 
|-----------------%-.-------.! 1----<<-“---““--:--"-%-““---«-----.-.--..-.....--.--.-........-.. + .. .-..... - : . ` а os wee : = = HELL 197% 571119 Х 33 ° MS 
| 13194 015 104! 4012€4180250$ ppasoqop ІЗІМ 19. irl fu 1А 4 4103] у) ђе: гаји 88 

A? »08' (049 31151 010 №10: 

mans ASNO) SPOPEIIIIDSIH PINI ^а] ІЗ 14» MPO 971741579 63: 

пенен НОТУ K391 17101 1877187781 11594 РТС! а иги 176 РТС ХИН 

ser 101 41416 ior pers OYINI ТЕСИ умом ми 1% «1 I i weg {т»307 147 1793 

8; M ' cent НИЗА ГІ ІЗІ ТҮГІ 290 64 печ 179 сП PPNO CH) 

уос л ви 1.29104 14171 

есімен МУ, Ае cs HW. THO! yu] 11115] 

9^ [3,4104 Жайы 8090 159510 17101 Або: 9|4%|%5% 1894 меми 2.77 61 

19184671 N)I193)41;1 9h15 001 wor, parnporday BIND) DH OF PNT * 17771 

11 (85'9511 111000) 199,919 17101 apu E LP 695 1*3 DU 


— 


-- ==» 


.. qm =з чч» ж = шш жшт =ч» 1 — 


АУ УПИ" (ВАТ 


0977} 
nnn 
0) 7} 
0^ ^1 
"9:01 
АТИ 
077718 49 
(s mitt 
90-77; ' 21 
зто тте 
(7701 

0: 171 
оспыа 
аи 
ТЕДИ 
нәт n 
потен 
(un 
наты 
А КЫТ. 
наты 
ДЕЛІ 
МАША 
ск 
01422 t4 
cn ath et 
on utn 
07 ^t 
МА 
nr cnet 
мои 
(8 +711 
“ча 
ШИШ, 
950001 
Е 
op nin 
an (un 
өкі 
нк вт 029 
M 
ШАШАТ. 
ША 
ИЫ 
пити 
бу01 


20701 
en 61 
0970! 
0" 
0001 
2704 
mu 
(89r ct 
ec sot'c 
nun 
00701 
517081 
(c 
AC TENN 
t1987") 
ин 
одн 
(54831 
нат 
11099" 
999" Н 
nom T] 
(071921 
Br 178 
nut 
"н 
АИ 
070! 
АТЫ 
тып 
ни 
169711 
Ut 
88711! 
Ut 
177074 
ТӨГІП 
"ont 
ни 
аи ода 
ШП 
мн 
607651 
bonn 
сомен 
Mm 


=з == 


ез ve => + Фф 


-- = = = = 


01% 
8% 
807 
(5% 
74% 
50% 
SE 
10% 
70% 
107% 
007% 
9178 
5178 
n8 
6178 
#18 
1178 
01'8 
6^8 
8^'8 
(078 
4079 
508 
"978 
1978 
(078 
1078 
0^9 
e 
It 
017: 
69°C 
804 
(9% 
ТӘУ 
SH 
nt 
f^t 
(9 
114 
AM 
379 
517% 
"3 
{19 
1177 


s.. -> ә. -- -- ъ= = 


-e =a = |= -оә -- / -- -- — <. <. Do -ә ч-в чә --. --е аер әр — а-ы v. - == ж --. == 


-e | ~. н 


aS hor cate 


00761 
09701 
09794 
nn nl 
ШИ 
yong 
"ДАШ 
08671 
)y eint 
ы 
ШИШ 
00:01 
091 
0020717 
094 
бсо 
004 
0n (1 
00:04 
дам 
0%" 
оу 
00^ 
0070! 
097 
9. 
090 
00701 
0770 
00741 
ША) 
07701 
09701 
00704 
09701 
оу 
09°98 
00:01 
02^! 
(stt 
00701 
0074 
079 
00:01 
0070! 
04701 


00:57! 
09701071 
$011 


00 Sci 


0075211 


тикип s b . 


(8565 


00:01 
мом 
00:01 
001 
00701 
mnt 
(0555 
on eoe! tg 
ми 
00:01 
0:71 
097151 
з 
92111 
Q0 n 
Mai'n 
eurn 
мил 
eoruin 
^y (nt dg 
eo um 18 
coim tnt 
00011 11 
од 
OLII 
oru 
"кет 
дада 
0965 14 
0 08U' t1 
es 
04701 
(tet 
00701 
hr ја. 
(770977 
и! 
и 
"сесі 
most 
071 
oc ect 
07771 
eU 
“ан 
00701 


45% 5 


10701 
opu 
ем! 


”Ю” 
mu 


ШАН 
беки 
өзен 
ни 
00 rect 
eun 
^g imt ng 
„чт 
ПИО 
e 687* 
0441521 
МИ 
(aM 
1798 


0072: 6! 
m'est 
Q^ ect 


си 
95 
и 
571! 
10:01 
eocest'ont 


UU M 


ғ. 
от 


Q “-“.....-%2- 





8071) 
ө} 
ом 
07701 
00701 
04771 
(477% 
en 
00791 
бум 
onet 
о 
Qn 
оп 
29727 
09744 
tom 
Mti 
соч 
мом 
007" 
007071 
мом 
ene 
Ay Ag 
047" 
0478 
oet 
0077 
00721 
00701 
eC t 
өн 
“са 
0 
ov rtu 
71 
0 91 
ӨСІН! 
т”, 
04-1 
QN 
мн 
nw Aerie 
ба 
002] 


“Адо> 


шо: рәопро:02әу 


£5 9.100110 


– 2 — о << <<< + < <—=— === <= <= ==— << <= <= <= == <= <<== = << 0 0 << –— < с << << << –— <= + = <<< < << < <<<“ << –— –— = — + –<о= е <е += + +“ с << • • 


б.” 
fein 
мр | 
6472) 
”б-“01 
^^ 6| 
“ем 
"г! 
t^'el 
1.70) 
Anny 
e^ ni 
9^ ^1 
m ^ 
(n 
64794 
Qe 
мм 
nang 
"ET 
мм 
Q^ ag 
"4 
өлді 
(UM 
0^ 4 
өз“ 
мм 
7" 
“м 
9^ tt 
“СС! 
4 
$C 51 
ме 
m^ 71 
cru 
(* e! 
in 
"t 
mM 
n^ ^ 
ern 
tc ego cg 
Cp Taal 
н! 


444444 


< .. 


w e. 6-7» 


тын 


anny 
607" 
(824 

An AS 
Ql 
LM BM 
0? UM 
өстен 
er 
дом 
041 
щи 
“з? 
647171 
067571 

” 
“7% 
f^ (3*1 
angst 
м 
м 
Ме 
c 
AA 
ec ntt 
реет і 
“ын 
^M 
ии 
мии 
or e 
0n t.1 

oo Hd 
ии 
а 
пл 617} 
ма 
а 
би 
eraut 
^i fl 
и 
ми 
n^ ef^ 
мии 
ñA: AJ 


1594 


a 





47 ar GS 


зоо. о. . + 


нм 
и 
0) 1311 


n) ^1 


“111 
> Ct 
Alit 
ea çat 
o^ 5 81 
“171 
(821 
м $: 
м $171 
e utt 
AA (tÍ 
ма 
юри 
“м. 
т 
ки 


6) 101 
"Ма 
e «M 
^j tt 
^и 
ott 
174) 


я г 
. . 


1; 
би 
“с 
M ate 


го лп" 
а 
^^ 2471 


мг 
^ t1 


9” 


"М ғам + 1 


nime 


fer AY 
anot 
АТИ | 
алг} 
см 
"eng 
e ccn 
ии 
et 
e^ 
$^ 
өн“ 
“4. 
neat 
veg ng 
nora ie 
96 p.27 1 
өзне 
ти 
ни 
(e rn 
OR 
"Се 
өс! 
гаи 
ии 
ом 
ec al 
ee cutn 
"ct 
м: 
"^ut 
1) 
t^ 51! 
oc itn 
eda 
4276551 
mous 
моя 
ма 
7^ м 
а" 1 
ocn 
мии 
~ (11: 


Але] 


Ы 


U : 


Ser С 


мыт 
ғ" : 


и: 
uM : 
ре t 
(cesa 
tec ote gg 
И 
oie ct 
t^ И 
e Ung 
^ T$! 
nee aig 
м: 
се 4411 
DS 
ы: 
ПСН 


.. 


ee == е» ғә ға ее се 


ыы 
м ки 
ға 1941 
ev 4 ‘ 
o 1 
AA 47% 
ға?! 
ри 
13 PJ 
T 1 
“г! | 


ene ° 


== 


.. тə гә +. 


ae . 
. “40: 


с x 
e thing 
мит 
"е 


«Ж 


ч 


5 
T) 
$3 
1$ 


5! 
15 
= 
$1 
1! 
5) 
51 
$1 
$1 
$3 
$1 
t) 


sy 
п 
А 


т} 
v 
v) 
=) 
з 
t] 
11 
1 
n 
j) 
n 
`1 


”) 
t) 
51 
Y] 
r) 


AN 


m — 
ot 
- 
-- 


к лл» ev c c Mec = s = e о 
= 
= 


^ 


-”% 
= 


= 


> — w o 


ç 
~" 
avj 
^i 
ом 


411 


^| 
! 
( 


wa? w < 


it: 


эзме 
: 


p?es IT 7 (NV 71603389 v 


те. 
чм 


, 


и 


тг 


и. 
у) хр “з 
а 


(Qnin 8717 
10 11993 му : 9] 
ii et^ 42514): 


5 41-6 


ӘР нге АН: 


ух” 


.{ gives 


СУ eave 


NT 


b sin: 


“4: 


10 q1eey wq 1" 
cP prey roten 


И 4" 


EN MO v 
PIDE узе 


exc as 


474 fl; 


узе] е! 


9 '* 131 


* 9 
1 


* 
. 


ке 


“|: 


st: 


"у ЈАЗУ 197: т: 


0-01 Е 

yNS SITIUGS pn 
ЭСЕТ) 
Куру ны 
сув 


Ys 
erum 


"^ 


aiv у 


“; 
41; 
Or 5 ods = 


wre 


32! 
уз 
ч 
їч, 


ҺАР 


.Ë` 
C 

t 
A 


ee 
... 


чи ии: 
г: 
tee qs STEIN 
стаз) оме: 
STINTS Teg BITE 60-5 
a cew јуче 1404: 
(У му у" с: 


е wt 


11 
“71 
"7151 
4:1 
Kk 
E 


-% 
= 
> == 


1: 
$: 5 
1 
{i 3 
a? 








1509 TVIYALVR NadO 


cil XIaNdddVY 





E P әкет o diti p jt cus ind. 


ee vee 


22-22 ни a A — M —V I DEOR EEUU meae, n J éU s... 
TEE s sss: ~ = 


from 


Reoroduced 


> 
o 
о 
~ 
v 
о 
о 
m 
> 
т 
T 
a 
N 





ооо ооо ооо ооо ооо ооо ее то а ....-...-..... А 


1 00704 1 00701 ! css antt бед 

ол pot 19191 wa 

ІХ. 900! 1 00204 170" 

|t 10020! І 00701 100744 

| eo 91 pov 100701 19” 

угао | 09' 3. 1 00°48 100 

| oret 1 09704 10977! 10009 

I| 00:01! 09%" 1770! ' до 

1 099 0020! 109 401004. 97002119 : 0^1" 909 

! 05 0t 99701 1 007007799 07058 тоа 

1 09°08 120 : 09-8119 "зн осын 

|” 1 90799 | oss AG 1007551 

1009704 19.“ > NOLES 50 1005501 

| ovo pot pou еллер Тот 

1 Coot 199774 4 ігі 2068318. 1 007 vl 

100701 100" 105 (61 "tst } 00-78 

1 09°08 107! | oth 0001 ЖАШЫ, 

pany Kuu 1 00-109 ім 1”! 

| 072 ! 00704 | обод" MOR 00401 

(907 1 07794 11070971 (vnb ree 

1500 100% 1 00049" 19 "0170 rovg 

| eot |042 1 об'ог eru | c^t 

170% 1. BUT. е" porn 

|” pn pora (vati oreet 

109! | ont 1 00 (10 оси троим 

(40! 1 09°08 1 90°08 мом 106 

1 90°09 1 00°99 ПИТИ ИЛИ И ИН 

1 00704 1 90°08 ме иги гомо 

1 0077! 109" "ои и MIMILMT 

| 00. poen | 039911 өн пат 

toons 1 00°99 зи ис! 00458 

| 0070! 100477 : | ovest 59760 tors ut 

| 00-4} 197“ боған rcs | Ural 

| 00-01 гот 109! ии 10921" 

pon 1 00°99 1 (97971 (Utt 10м 

1000! 1007” | "$5 045 Гои 

100774 | 009 ро 0H pos car's 

1 09°09 1001 |0"! mu 1 070654 

15070! pet 100795) 0770! I 40 41! 

I 90:91 1094 | полу моне 19000 

1 00°08 ! 00701 от 047171 [ont 

1 00°98 00" 109%! 59° 01 107. 

1 99°09 | 00701 Dt Ut гои 

7070! 10) и esu ' oe stil 

| oo et 10070! 1 00°98 0970! 10070) 

І (9477! MIN (040477! (97 | on ett! 

1 00°08 1 00°08 1670711 о: 10070741 

} 09-09 | oo 111141 и" p eget 

1 00°08 1 00771 1000109 stot 1 0070071 

1 (970! 1 06°08 | tt not | ои 

1000 1 00°08 1004 Bro? | 00:00 

1 07701 19090 ШЕП ы” | or tut 

1 90°09 1 00°99 100541 vU | 006511 

1 007% 1 00°08 10970! ; 00M 

Uo ма "ап 1 ти 'w4 pn 1! 00 "ка ит : Will 

| ave 1 $904 l 0134115 48004017001 7013 
#111 440$ ТЕГІ xn 4ms хил 


Myre ye 
сн 
otn 
est 
047054 
enitn 
eew ng 
"Lt 
ми 
(2 (511 
ик 
би 2] 
07185! 
есін 
enl 
(ong ng 
^ pnt 
0^'C1 
^ut 
on mtt 
юка 
ин 
о 
н 
ач 
а! 
(^t 
ми 
MEM 

oU at 
Mert 

e n 
ovt 
мо 
0271! 

oo Hts 
00' 
ч.! 
ми 
04711 
96701 
ке! 
ott 
с 
м 


"а ит 


4415 


EE UN а ни вани za ° "S 
буни Mosa АЗИИ "E бг 
с 2 874 DOM "ч 1 I 
ма > 99°98 1 My ; | 
| 63:90 1.“ ем ла ^f ; : 
pt (9. бум вуча ° : 
94 toned 11474 ест : с 
м! 1 97°98 105751 ^Y l ' 
9-1 try тале ғ.“ ` : 
ТН СЫ: мм PR 0097 348 tI (O9 0 14106: 671 уе р ts d 
“лағы 08% а Mott отар { ЕСГ ft 444 71: СР уме 4 Jd reed 
«UT С ин arene ИТ ЭЛЕ 9411 Жаз с лч үк q 
(que meer imt RET "ара асын c cti lg J' einmttspot ese rg 
тии pono fe elg мом а муља |: то уза уем [600 .4:: 21671 
praua METS UN: OGL Oh тсетізотеғы сы: 77% ул был | өті 
"ЕСПЕ gp L0 УГАО p op oe te аи vt ет 
(ы ауын 26% Т tnc 4255 ет нар ој уље uu 1 557 
ч 6471! t 00 (1! ма twn 5: 11 7: "£1 yv yg ^56 
ини па of overs м d ge ng сім "1 (76 9 re yee sc: et 
PAPA КА Пра rtispas: 0 пса EAs pe a ЕК 
pevum e^ qup pee О ЧЕ НИ И ИЗ “4. ыр 0: 4: (обузет пре. gut 
ми мин ағы о кии Ки oc ont re bere ee eM 
помолу м м мада tn eU nn tm у Leyva cU 
“тек! “ы 101720 ^^ t син “с e <)! | 
p.n (vengo conati cata peer A SE 40 :rv ntt c 
t ^t cp мађ p 057701 $08. 108 jo ji stp pe td 
1 Ay oct | сем evt бөз} $t! ПЕНАЛА ИК 47 | 
быоыцшыны жоғы 1 ИИ Гм кт Ебу ЕР. 
«одма GR CE молы елері нгі t $I ази ҮЗІ 
веки и киен mo асер tt: 11188 т 
НИ “и и | es pe eM SA pss pp eret t ejen Ace dy oO +; | 
B MM LIT (tg гән "" SCELTE ен ee: тете ЕТЕРІ 
пи м өкін (ғ petunt ге пту eow “з үзү st 
РК Я быға Сы тга рен 1641251 ПЕ 
' 06 611 ~ (1 Сөл, ect к "и s 9} 41 КОД ЕН 
1 ^01 (92417 10041 өзі ичн ег: ті £v nu ong 
оба м 51 pes “00 015081 н ' 416 chp ety | 
| Му) CH perro wn peto ~" a poer e e pe Meli 
1% ec pev ми ТИ. се опе тут тиан i 
|t "no 1“. c 3 09 20 ttt 099 әз ТІГЕ 
pott “в! жен! юмо, | ес 3 39 Зети 
1 067917 Mr 00:15) ean pary * $11 yu у st crt 
! 070 M^ p evo pev гит Је < И 
NNI 0701 ptt yap rey 226541 ЧЕН ПІ! 
| wet хи о. “и ксл) ба пе у се у „г ~ 
жең мм 0" м |t 1511 мса. 951 
~ ну ми би ми | ни eet t ttt puevm etg 
| 7051 Vc оти мсп tees "tll "He уч лү 
|! ^f ^i et re tet Us pott ТИЈ = "и 7 3 је: 4 ода 6 
мии о Ме селу кии па бае И 
Lot t SERT њи t prt ttf fend РЁ: МУ 
1972771 мо по "с" 1”. с" м crews cee cre eget 
по ue к" сома Ти “ас КТАП not : ем: e ^ gp uo nd 
1 etr ко! ое о ! qux (UN | тен бт "и CUM МУ 
1 04:01 ем г ебе өсү : : 
I "101 ""4 (nx? тї т! Pol анат: ` WI 
ваа eem Е > ence eee ee EL WA *419 &111 4: 0 14 ГЕН! Е 
: guts : LUS NR me imp xs {0ч М: “т” 
111 40; 411 45 "11 ¿F$ 


ооо еее ооо: 


87 


| ~ ғы ~, 3 
wii асац via a eT eee аи 3 





(1 d) МУЗ-АЈЛ АНОМ О У АИ Y 


ССР а ал 





5 еогоачсео 


“ас, 


3v3ila bio 


c 1 ст) але: - A. т Ту.’ H ji p... TETRI feh Ene A Ар 
теле eee ET e eme s eS т ETE 3 
зи I Пр 5 
t 
Бед зе; Г У/ СУТ Z< ` = R < i 
тәрк tanta 
с) рак", --А K 4 T уч» % W 3 A.P 1. att 1 11-2 “2, 2 пао» ЕЈ 7189 1*5 


= = =. eam - <= — ----- + —— e — — — — ie es --.... ..... .-..--... .- - 


у 


oara? Фо; ee Sr Өсу F? 1 (f^i po epe. Ir 4.07 гыз es One on 


и 
t 


: E а ~ ——À 277 I M e 
Qe tse to]at ass, | АТ ЕГ 
аз . Te----- .. 
ата ев — X Á 3 ----- е ва 


tf eer т ва 
2 - ae . 


1025 ar - os. ee 
актова И rn i Е -------- ап ни === + 22 те 


ЗОҮЯЯП5 К91530 


YI XIGNS3ddV 





э = «е- «--- 


қ» 2 wv 


Oc Ot? ) 


.' I GO 1 


TA: 
GLZ 
Ot- T 
чот 
ост 


ут 
т 
25° 
ута 
"от 


гл“ 


ТЫ 


Ж ЫН 


2 


Ср Тој 


-r m m — - - -— 


C. Y O DW 
Тела: суға 


~ 


~ ~ 


t 





ЕЭ”, 


(001 6. 


- - 


(у 691» 7 
Drao 


ies Ue 
21. (3:77 
630. 7 +. 
асте? 
с.е, С 


cy; ° O 
9:7. С 
"ТЕТ? ЕТ 


сло т 
стс 
HOOT 
ГА 
12%” 


Г: 


= ә + 


ГЫ SC SY 


ЛО 


TAC) 


12577 
Oo (74 
(atr 
GU Z Т 
ron 3? 
"tt 
(17.0 1 
Orerc 


Otc 


(э 1117 


onor 


2-і.» 


-- .-- --- -. 


uei ad Ug ea, abue p. F was, wayqu: iñu, tuti бирај AME A hana. ДД e baci даа cansa, - 


$20 6)1€ i oo CES 
o O 

{у vic ЕТ. 
oort; о 
Oot. | о 
маты и. 
«Т ге: e, 
о Г 
о ТОА: 
pn 46 ee 
oer (ctt b 
огос о 
ог О є; €) 
= u = о 
е.сопт о 
ç T s gt с) 
обо? > 
и г п 
Y gcn о 
Е ры о 
ПТ qs té. Té. T 
тг. :? ити. т 
тел о 

У та" 9 
соот «т {г ç, 
се. фот ext AT 
т ат г 
(€ сүгү о 
€) т 
ти. от Oo 
ото о 
У Г > о 
acre о 
CC с о 
O rir) f о 
ооот о 
66, Рагуза “Bats cI AO bans 
ОА (D f алмаз E01 CISP 1 





POT I мото. мама Го 


о £40*21l!1I1tl- Cl. TOCA ONO 


СА ои Late helene d л ло! э эс. 


4.2642 winds ANS 


соса 


ПАРАНА | CONTI Et!» TN 





“4:10 =o К Zea “Wea Oh (851% 
т г. т лз ое, NISUN 0л 5 
т росах вби маод 6 
о reosre мус лсе 
|. агат” тог VI tS 
ох | оРОСС ____ HISA угао: 6 
ass Рози ко, пас 
ass спота, rou «KT ANA, 
Uit .60T04 згд сиз 
Tite Ccto” SAHS с 
О 1, _ ео ба Уа аркар 
orr осот S Wn Dp о лУољол 
бутот с/с" G x со» 0673907 
LOT И о а» ПАПИ 115 ж. С 162003 
e conc t »?7'C чуо" 
LOZ.T Рато 32.04 ans 
74071 угљу с а о can 
ета оте» узо, AAS 
ern тень ax "HOP A0 r 
tA ?71C;T( чулап nns 
De? әтесете | а го дем-иа 
owes _ crec... error ег 
с» 17 17 YC Cf T VIAF YC T S, сюн о) 
2 cis 34200 NNOD 
pic LEZOT т пра Dun?» 
Lowe toe .. t7007 2. _. WLOL 3705 
тел т топо? г с, 
,/7 t 2¿,1> T - 801 пас 
ие ш 2.0 Т INV эза--92% 
421 > ЛОТ мита nns 
G. d со Т 
EO4€/0820 7307 DIEI а по 72v "mns 
VISITE? мэта 
. . . , 
. . ? Ld ° , ,. i š à e e a 


= ----а 


.--..-.-- 











"emp yrs w. за. МР "" va t : k к: 
И у ы % ы = к n 3 " “алт. — s x BE e E eee - E ES * 
ЕТ w, -- -2-4- sour Sua Citi epa АА Моска чак дегі omes joe ықы moo t L^ ss m — rs T 'iu sa Ç; gpP P=z<“s=@Js| qa,#=əÑÉy 





SudldWVNYVd JONV'IVGH 


SI XIGN3JddV 


Чесс 


те -- -- ..--- -- -- -- 


7006 


t C 6 


= -- - a Re 


492 
DR ғ9<8 
GO6T. 
998 


с 


Се 
TFV GIN 
TRE 
ОЕЗЬ | 
043 
Тес 


ОСТ 


2G OAS. 


- —Ə—— и | ee 





ee ee о о пи пл — — - — -- --- 


Е 


а а о 


БОСС 


и 


CEES 
вет 
001“ 
OESE 
EZCE 

о 

сега 
есегтет 

0 

0 


=+0 


— — — — — — — — 


пол туч 


734 4 Зара ЛІ сүр t nii, би ода бр даде То gy me др e ri 1 E ae 


уе, М’? 


17007 


TCPUT 


СЛОТ 


абы 


7С 


о 


GGI 


CAOT 


Фра 1 


СрСбабт 


vüv?76 


бетва 


07215 


on 


ресора 


TEE E 


--- „i =. — — — — — — 


7461. 
24654 
CCBZE 
26182 
GIGEE. 
41 
сібетт 
оруавр. 


0 


— — — — — — — -- 


— — — — — — — — 


bs 


со оо оов ооа 
со 00 +40 06 0-08 
коо ао оос оов 
со 0:0 0:06 0-08 
со оо 0:06 0 оз 
соо о оь 909 оп 
0 90 о ` об о ов 
сто 00 006 0 08 
со. 00 006 0:08. 
ceto 0:0 006 9:08 
со 00 006 0 08 
Юс ро бог о 00. 
со осо 006 0-08 
со 00 006 0 on 
хо  0'Q..t9 06 000 
со оо о 06 о ов 
со oo 0:06 0°08 
c'o оо о оё о ов 
со 00 06 о-оп 
со 5020 0:06 0-00 
со. 00. 006 o on 
сто осо 0'06 0'00 
y ИД ко ОО. 


'9389 _____Ј З-аноззча __. 


- S804 M9-—-L9996 


— — — — — — — — — — — — — — — 


3-4127dHO2 


22 4 із 


cno язап эмпэ г 
0070 т узну та 
.00:0 ЗУМЗаЕ$ 2NQO23 o2 
00:0 : випз 2ноз 6i 
00:0 NISVA HHD15 DI 
00:0. NISVO HUOLS 21 
00'0 NISVH8 HUuOLS эт 
00 0 NISVO HHOLS GI 
0070.. NISVA HUOLS tT 
90°T эмел 3990-394 eT 
en'o zd "0 АЛУЗИ ет 
еу'о_с:а 'а нлогл 11 
oç o 5абно 719207 от 
0S0 S © 735071 6 
0€ 0. .  SNüHAU Гг B8 
0с:0 S Xb? 79201 / 
ос о 1uvH дум 9 
02:0 5 »8 0 зУзоз 6 
ос о SdOHS W907 b 
оо о С 
осо іжші хілапч ғ 
06:0 5 X9'E 1V2031 I 
GNE" 352v4Hns » 
49535 = mE 
т. . 15503 DNIddIH1S 


4T OQ) NYS-ALITIIDVA TIV1A4U MIN 9 


SUALINVUVG AINY 1V¥8 


= гю ат тт осу тт \т Єз Ел шн Фи Єз сн ша а> 19 ко пи ок ӨН Ұз жн т. жи Сы ез бы зи га Е: т тт «© те шс оту єз — m s 


95 





References 


l Adrian, James J. Construction Estimating, Reston Publish- 
ing Company, тас 1982; 


2 Barrie, Donald S., Paulson, Boyd C., Jr. “РГО Г ез ол 


Construction Management, McGraw-Hill Book Company, 1984. 


3 Bhandari, Narindar, "Computer Applications іп Construc о 
Management," Journal of the Construction Division, ASCE, 
Vol, 103, No. CO3, Sep I сете и 


4 Boyer, Leroy T., Volkman, Robert С. "Remote Terminal Cost 
Cost Estimating, Journal of the бопвЕтиссіоп ШУ И 
ASCENSO NODI IT CREDE CREE IIS 


5 Brown, Cozier J. "Recommended Procedure for Computer 
Selection,” Journal of the Technical Councils oM GEB 
Vol. 105, No. TC2, December 1900 рр о понео. 


6 Cooper, George H. Building Construction Estimating, 
MxGraw-Hill Book Company, Inc., 1959. 


7 Cripps, Martin. An Introduction to Computer Hardware: 
Winthrop Publishers, Ine 12772 


8 Erikson, Carl A., Boyer, Leroy T. “Estimating State-of 
the-Art," Journal of Construction Division, ASCE, 
Vola 102, No. C03, Sept. 1976 865 os so 


9 Esterling, Donald M. “Micros Can't Stand Alone p Py 
Engineering, ASCE, Vol. 34; No: 10, October 19547 
pp. 38-39. 





10 Foster, Norman. Construction Estimating from Take-Off 
to Bid, McGraw-Hill Book Company, 1972. 


11 Herbsman, Zohar, "Construction" Estimatine | ораси ос mon 
Class at University of Florida, Fall Semester, 1984. 


12 Herbsman, Zohar, Matrani, J. D. "1МЕ5—-Ап Interactive 
Estimating System," Journal of Construceremmuncineerine 
and Management, ASCE, Vol.110, No. 1, March 1984, 


a ee Ee eS нашы енна 


рое 195337 
94 


TARTS SRY A PTET ALL EEEE PEG RETR, SLEPT Cy Clip TARAS Pas e, NM! satur pb np ab fult eq tropas agn 


^md учо ч Б ча рът JEn" BD uf. adieu m rete IB 


LL ITI OTL LI LT PEELED RY: NOTE MASE SELLS PTY EINE AOS 


13 


15 


15 


16 


17 


тв 


19 


20 


ól 


22 


23 


24 


po 


Hilburn, John L., Julich, Paul M. Microcomouters/Micro- 


processors: Hardvare > oltware, and Applications, 
Prentice-Hall Publishers, 1976. 


Koenigseker, Norman A. "Parametric Estimating of Build- 
Нпр Cost Епелпевг, AACE, Vol. 25, No. 4, August 1985, 
рр. 35-52. 

Lewis, Jack. Basic Construction Estimating, Prentice-Hall 
Publishers, 1983. 


Mitchell, Neal B., Jr. "Yesterdays Mainframe, Today's 


Desk-Top A Civil Engineering, ASCE, Vol. 54, No. 10, 
October 1984, pp. 40-50. 


Ostwald, Phillip F. Cost Estimating, Prentice-Hall Pub- 
lishers, 1984. 


Peters, Lee A. "Performance Specifications for Computer- 


А ost Estimating, Cost Engineer, AACE; Yol. 25, 
No A, Aupust 1983, pp. 35-47. 


Petri, Robert W. Construction Estimating, Reston Publish- 
ing Company, 1979. 


Pixley, Рау А., Ridlon, Steven A. "Checking Out Computer 


Programs," Civil Enetmeening, ASCE, Vol. 54, No. 10; 
October 1984, pp. 56-59. 


Popescu Calvin: CPM- Cost Control by Computer," Journal 


пием соте ЕСЕ Топ Division, ASCE, Vol, 103, Мо. 604, 
December 1977, pp. 593-609. 


Pulver, H. E. Construction Estimates and Costs, McGraw- 
Hill Book Company, 1969. 

Robinson, Rita. "Managing by Data Base," Civil Engineer- 
СЕ, Yol. S4, No. 10, October 1984, pp. 603-66. 


Samid, Gideon. "Cost Data Base: How to Build or Buy the 
One You Need," Cost Engineering, AACE, Vol. 26, No. 2, 
April 1984, pp. 37-40. 


Scanlan, Philip R. "The Bank of Westminster and Highland 
Park Construction Contracts and Engineering Student Class- 
room Projects," Department of Civil Environmental, and 
Architectural Engineering, University of Colorado, 

Masters Report, August 1984. 


95 


в а о SRR ИИ 


чабару tut HII a theo Metab аа ет іт 
~ 


P Томро чрн по арче AANDE IEAA catt met rrt ATI RAS Tr ç 
2 





28 


29 


Tonias, Elias C. “Computerized Construction Quantity 
Record Keeping," Journal of the Technical Councils of 
ASCE, December 1979. 


VanKempen, Лау К. Construction Cost Estimatine, Reston 
Publishing Companya 1900F 


Ward, 501 А., Litchfield, IThordike. Cost ontra min 


Design and Construction, McGraw-Hill Book Company, 1980. 


96 


€ Lema ts In MES Pete A ауто а за, э өсө tem He on 


| 





UNCLASSIFIED 
Technical 
Report 


distributed Бу 


»— 


са. 





| NFORMATION 


EE 








DTIC 






Acquiring Information - 
Imparting Knowledge 


DEFENSE LOGISTICS AGENCY 
Cameron Station 
Alexandria, Virginia 22304-6145 





UNCLASSIFIED 


UNCLASSIFIED 


NOTICE 


We are pleased to supply this document in response to your request. 


The acquisition of technical reports, notes, memorandums, etc., is an active, 
ongoing program at. the Defense Technical Information Center (DTIC) 
that depends, in part, on the efforts and interest of users and contributors. 


Therefore, if you know of the existence of any significant reports, etc., that 
are not in the DTIC collection, we would appreciate receiving copies or 
information related to their sources and availability. 


The appropriate regulations are Department of Defense Directive 3200.12, 
DoD Scientific and Technical Information Program; Department of Defense 
Directive 5200.20, Distribution Statements on Technical Documents 
(amended by Secretary of Defense Memorandum, 18 Oct 1983, subject: 
Control of Unclassified Technology with Military Application); Military 
Standard (MIL-STD) 847-B, Format Requirements for Scientific and Technical 
Reports Prepared by or for the Department of Defense; Department of Defense 
5200.1R, Information Security Program Regulation. 


Our Acquisition Section, DTIC-FDAB, will assist in resolving any 
questions you may have. Telephone numbers of that office are: (202) 274- 
6847, (202) 274-6874 or Autovon 284-6847, 284-6874. 


DO NOT RETURN THIS DOCUMENT TO DTIC 


EACH ACTIVITY 1S RESPONSIBLE FOR DESTRUCTION OF THIS 
DOCUMENT ACCORDING TO APPLICABLE REGULATIONS. 


UNCLASSIFIED 





) 





DUD EY FOX LIBRARY 


~ 


МАЧЕВА TER SCHOOL, 
MOl:LL56Y,ULLiSQREIA 95945-5008 


~ 


— 





— А Ls Tapi ae 





bh |a L ГП m. Ld 1 3 ж 
м КА АК А o awe а = 4, М : u e я% . . А 



































































































































































































































































































































































































































































































































































































































































M Wal и а а КРИТ 28.8 maq d Е 
| РТУ ла Аы M qr E E CINE TES eras Ни она i Ro gri eC ' " : 
поје eae 00 оса ара ал и ДАТУ Гире print К Ам ард v. LN " 
PW pP NE SER Ir rr €um РАЈ ы м роба а | < > .. P be ‚ А 
Zoe. ње na ы ыы Ж h iha ddi i tne 5497 ) ve H ы s О 
ЛИН Ae Q ЯС н 
Јо онй саға ^y prp выр: мед Hs L H^ yu ce Heo cd Use a ] i у ; + у T | 
ner MN = " ae ЧУЧ r Í ` 
T appease s: CR Ми Кр Ыыы un £^ А " Ай он ен $ nc app (са! on о comput S E 4 š A 
о TES BT DOR bri ETE ET. РЕ Dee dr ge^ T " Қ; S in cons k " " Tr d 
Е ОР ПОР чу ребер а ОНУ С атаа | ||| ШЕП! ] р - š 
Е ри пе О к покой 208 оа раа) оса Д б ШІ | ІІ | | || [|| ШТИ И А У. D 
rop Алде pg e ee ah AM reer Ч ЛУ ОИ ЕН || || НІГІТ | | | | | | |||| - . 20. n "ue 
ы T 1 Ј | | ||| | 4 
== роу n еер уай ч ДАТУУ Оте Де ера em n eig dA ІМ | | WI | ||| ||| 1 а 
О НИНЕ ae [Жек Ө уе ыч уу Ар Г. || ІН! | | ||| y 
ром ayapa ТТ рту 9 сарт? руу уре и ` | | || | | | | ' Л қ А P 
PPP" Prise mibi LEO rend t deo apt FRYN НШІ ІШІП | | || | | | - , 
ira UNDIS S van M BONA РРР PP А. a Mo ИЕ é TE | | ||| | | ` | ^ чо 
роутеру учи ўно ручна ра рее ЈЕ ЖЕГЕ, mt Y s nt UU MG ИН || | | te P қ " р 
27 та унты T саду мм ој трн мр те УА Seo КД ШІ! Ш | К Я Ж : А , р 
72 (о УРАЛА "v 0. р a ТА. 21 Т Ц " 
pretii aep anl ры ү" рамен i = ПЕРО сү уч f „ „ а, ; u ' О 
умении р оо Porter. ВНЕ г! ЖҰМЫ ла? едо 8 ' "Р Й 
о Е егер мара о РО РД а ге Ы Ы etat, Е 0 u mn Р 4 
er ЕЧЕИ) = Й L Lhd eet et Tie a TI WIL . И ь 4 A 
aoe а чр PE АТТ UDLEY KN OX LIB TP А 
о ku аны UT МИТЕ T^ RA А 
а АСУР У РРА A F 4 РИКИ Aah her orn, M үм rede [A ME 2 ы P P ГА ü E ы 
ОТИТ т РМЕТ рдүн ры жей ТР N TITI YW iarra Pent. - П ZU — | о tA ИГИ А К А 
о м рана оси дао И ва АД ДАГ forn aswa doct јен АЉАСКА š h Te = 4 о | T у 
рар ee ee ne течан P^ кі а ТАИТ реа 60 А ТЕК A EIN. . ==; —-— < А ' TEN - D 
ТА РИЧИ сва ара IP YP Ore PY Pare pray Oro rep rat Ae МАЛТА АЛАН КУ JL . қ == g "um 2 Г 
рр APO Ge fr Poa ыч үү күүнү Ила | ари e TITO TC VT де Ë >. D б , Е И Ë ° . ' = 
PEERS NPE arte wy deinen yy SNTC ОЈ ee TTT КЕРРИ Ц ' А š sw 8 
eee rer iting Stem ДИУ PTE Ру ери Рини РР ОТ: я d о Е > ° K. "rr PE. А 
r фару РТИ ^ Li es taa Doct T CIN PET А У " m t hu .. $a f " 4 Р 
ЕИ арабаја “eq w йу” др Беру т. (2-2 ires пао и í LA » ы ЛАС 2 | d ы 4 п M ы 4 
+ ewan at рлы уты қыдыр, s с ТОРТ арас шарды Жыл ытта, mE. Lis Ae" M c Ax Ë, TM ta рабов N 7 А 
mr 5 јавна Qus — H маја У Mi к ер М? Ж М М XD Ш О ЈЕ о... р 
слон НС aa r e 20 П те 9А маз " ме ОКУТУЛА ЧР Р ай P, , "T M" " = baci ы . М Ж Е ; 
рен Pedy ee) od ИЛ ЕЕ awe ery 4 uda КТ ЕТО ГГ r J Г 4, 14 Ae ` ta ье“ = A 
APPEAR E A bo Сы ООН Бы C Ir | АСС У m hare s А rad j А ы B р 
~ a ^ ^ Я J к ‚м A . ' 
РРА ВИ epe Le alu ur Rr" ОР F ras ЕТТЕН” ov | a" P SC NU Е và š 2 D S ЙГ ^ Р P 
ры mE tls vepepei у. аи lat ТТР Чи 4 РТУ Set Le, ot See BO ИР Рр и ose « «¢ oe) АЙ EL A A ЖИ ' 
re OY m ао куча гаји бре «АДЫ ЕТІ ЕРТ ETN As < I) 4-4. °° "hne ine М а r ж - СЫР " at OF j қ 
Ф ро опар ба пао је ера mre ЕР РИТУ Lr А). .4-4 ЧУ РТ РРА А ө Я 8 P T n Paredes F a: б i ñ $ 
үү сүрүе a. мечи а-а жан л ЫЫЫ Г? 259 x ым ЖТ” СРИ ПРОТА негу РЕ ОТЕ РЕА ГЕТРИ и "E М N Ж” : Р 
те ЈН а г-у ees ee ee eee . Frio Mood DH neo of #72477 6 ее Her eres жун нҮ Р КЕ eee A ‘ таи HE А АШ ЖИ 5 Я . 
р р пре a a ati 44, вм do BEC see eee qe tole нард ДАВ, қ ПР ыы” r 43 " ЖАА Mer vires Clary А BI H 
а Ке 25 М pamah breig sae L £ РЕ" еа ая Беу ғ "y cam P - 
ИН Тр Ћи ор eap aaa У „Ал а T A Е ы th ene "m p Ed 4 Ке зі. d O ELEN ET) р оғ. P k. MERE ‘ ' .. ы 
РРО ~ примару ПРОСТА p W Fw њи at о и sii L Dry ET gus Pp SH id es ПЕЧ қ КЕИ р P 
a. ы ж тыз ааа, E Р NIE TIE m P қ t. , ы d ' 
Diei gem a но обрела риа Stead миља "t P ^e "rap ^ Seton үзе «Жа зе? М t ~ A = П, О n E. J a: 
Ттт рты аи А99 ТУЛИ љубе был wn мое бал CET EET TTET T " £ "4 ç = а ші ...0 5. к d E 
И ИРА mA cC dieit E РО yey Pee a er рам pon * у = A Ж ҮТҮ, ET "e ( Е r Tn М : К | ы А 
m L taa apk у, элуу ир ууда үүнүү M Prep AME e FADA 1 "EX: PT "TE PE | " rms ыр 2 ШЕ " r= sad "TP M Я А В А 
РРР БИК ыы wj ó a a p: Б a “padi LIPPE) of . "n 4 А A , * t n " ^ > „а қ П 
TOM IT м. a rig ма С ДОЗУ 1 Ч № е. ИЧТҮҮ soap. LL Ц П = J СЕП = ж . 
iy Veo yep radio diat MALE CC remite etr р Ле мета = TEEN Renee Se ы e АРЫ 2 ° Қ Ko a i LA i р an 
Soph тұ el cei 4 АЙЫЛ лы іа ВОЗ: е ан 2а а. Ду PI сақы, У ДАРА Aga С ” "1 E | ы de) 
« 3 d МЕ. "I t "NE ја POT Re г Б П Р E s М 
“> Айы еқ Ты нын ЫРЫ њи pod ТЕ" on Г мек трава | s e UU A de UN ума: (5%; А К а за л. G E. И Ç А A ' M 
и ПР У " a PEL У ee а 4. k~ им ; . :~ б : ° é 1 өе аа ы a um 
“= L n -- w м1, ` М ' “ А 
ari arena nebst E dean Lett Lad Bec ro dnm eer teer bete PITT "vw рее РИЧИ. ~ с. Же d "i ib a p А == uu - ‚ P To he " 4 , L š ке š 
прече У фто ord ‚ 2 я ее ДЫ Esas р” ы + У zc e А s dit. cher š 1 i r | рух ; 
pi а рн —— 1 arc ey haqa x pepe S р - ee e 4%... РЕЯ ew 4 i тб fy А Ц 22.27 4 вс d » ЭКИ . Eas | З бөз > ^ 
TZ "pu 9s m " E m d Г ДЕ А 
L Lt, мањи Зере ыр eX n ings "PP 3 Р 7 TI ss ұй; ПИ! PO Е ^ | ' | У ñ бі: e е P А қ қ | г 
m еса ie tur oe ip M 3 - ~ ПГ ~ > d Й E р { m 2 4 M LI 1 ..4 1 Ы ' n R 
" р i И У ете Si " 
co Ыр рау й а A Sle phe scr к... ^ LE Ба „э 7 г А 5 сы $ XP ED А А г E р Р 
^ ИЕ ot cn ore oe Mg ч Ш Ls ы P 
іі. di абада ааа мр «дей 69, Ез аллы yr ecd л з, ^ € + s. П р š ' " A М . 
p ons M р а МГ тар ҒТР Кесе” бы а " М L ата "mn A А A ' | E келе EA 
АН ме ја: Бон ваља DEPT а жі 5 dna ER Айы % .4 И 5 n + А | 5 ' 
“J АЊА Њу ки dic hd. +) P V: ранее үл s Же 2 LE 1 Јен ув н а " қ 2 Г, В 
o a Z tuw sy уу а оа " x d + JE L d , ы A i р с я d 
[or aid d irs отобра оо але jV 9994. i ҚАҒАР ТЕРА „ А КҮТ 2:7 d к ' 
Ж 5 ES 42. ПЕРУ МА РА су 2 dip 2. отм 2 5% эў 2 Бы р 5 12 M ~ t ' * Б ' d 
Я „и ДА жарарарыр iia As! aM e ^ $ ка P Г > А 3 
4: ИУ пе Pli ete PA oan M Pg ; E TW қ " ^S Ш А g . 
Са oe veil bh ЕКО E ње ба | Vid РО ШЫ" туу 4 ГІП ше 2H . ' ' | a А - 
- Ена ПРО РАДУ ОРИ n ^ LU Ed Ги ті ki .. А > Г 
LR P PTS uj Am “а Ee й ~ P J ӘЖ. ГІ і N " . 
2 у НАСА САРУ У оч. ч и = pc О А А °. К P u р 
А uiia ds E | гра ға > Gee ë: f: = HM cron d { Ме Е 4 24 ; D 5 А ЕЛ 
„Ак ПРВА РЕН < ez : Po < ° ы М Ç : ' - у ' 
€ и а M СРИ ee l D i. lip i d. > + n | n Е E] Р А d " М É 4 E 
0 1р о о ear el dog. R ps Ë i. s ° tne sy F : : : ы 
^ ~ поље E РР А Е Е LL те У d П L 
Sd et арс С ДУ ДИ А ЕРУ Ф г ~ ae " =: [e P 1” à р M. e 2 У a š В d А А 
УРА г ден Г h р ї р ; 
"a eq zone заћи “° est giri, тий kata saad 4 , ООД Ga Or p P ^ E „ои : = а : ; 
Le , т ы 49, ар жоғы О A Бк ше С. М '' > E " Ë - , . ө „А. у k M М М Ы , Ë = 
H 3 СА g 
ә у Н - TT Ж, ЖД Ж.Ш Раа, 3 EN EL Ў ЈА П Р е 4 ` E. * 5.5 = ^ "an = an | J А 
ә: ee - ~ » 1 a Ш А UE [| РА 4 6 
EY WELL UTERETUR 2 w^ Га - "E " £ м" 55 aa . ү! r : р x 
TSS мыло ААТ. Б УЦИ P 2 “8 . М у LED . ЕЗІ - м 3^ а d ШЕ Й = nas u ' 
"У УДГ F1 "o — E қ | А "R^ a] x «ж "TT, ^ did L E . e k: ы Й - 
> E ^ v 2*4 : . 
таты ТА cane бей с j А А P қ 3 
M ыр үтү? 0 А > T d ' š . 
wf J У ‘ 0 А Ы . О 
A ae ' 22 ^ F A : | 
Г ы, NEC T | е ш 
s i w £ D ey ' 2 T N " 
Е №4 4-5. bo TUS Lol jr › X г P | р L . В 
У ГР B. лер б 5 5 L РГ 7 A у ы g | 
лы : . | 4 А : 
4 ЖҮ; \ 1 d L] ја 
LI А Ма ғ . . . - ый a "i ГІ ГІ; А 
4 Же ' 4 БА г М " 
' и А О . 
= u +A КІСІ" 4. А А 0 DOE а J А ЖЗ Т 
ж xi 0 
4 $ т " сө ^s ұғы P " А : г 
р А ч ' ' , 
LI ы Ж e . . uid ы " $ L 
y , Ld LI e z , e: e 
" { ^ š à А ШЕ А : 
Ц " g Ц ПИР A ы . г 
П : Н A 4 E Н ' В р Ta è 
. С ve d = d 
' 
Р a 
P 8 . 
; 78 ДЕГ ae Р | А "E Р ы 5 
: А 
F 7 Е P З < i E П р ' ~ rs "m i А 
> " P Я $ ' " Р Ы u LIU ' 
rf 4 А а жы Ü П . í 0 J 
> М a р es i Р қ | 
i5 Р ic р " á ' 
4 р: В | ; - Ы E ' А 
М " LI у 1 
E , d Р ° T А | 
' М . 
8 р - Е у 
. қ J $ А А ы Т 
Е р 597 
О = Jr .. f М О ы 
ы . 
ews * па " А ү Е ... " = Й = 
РЕКА р ү + T ' A ; А " ? А р 1 М О 
. а LI ы LI | 4 ." 9 5 1 T 
HELL. Le p р Pr А ы ја А А В р . 
РЧ Ы , Е . КО " " ы 
РО РКО nin А ж ' M : 
r - Қ 54-4 НЕ Ви fee E А Я t ШЕ ё | . 
ыы РАКА Тау. ' dE ы E МГ” А ү” „И МИГ Е x А 
ПИВА А й А Зе g * Ы 
ЕЯ 5 пр. БЕ 8% ж E i Н К ы T °. 
p ~ Y 5 Р a 
D b ipti МА PET ae Y " А .. А 
Avere чке: T wh К ° i с ЕТІ Jc 
~~ ag thes BE i * E vju "LED š - Ш e Л Е П L GS. d 
T ; Р О Д 
P Ж А , М n m б. ; Р . 
V í А ' қ = . 
f Fon NE 171 - ] р г R 
4 77, 12 - Е ^ 
Эуе ote Mead . Р N 
2I. Й 
^ E а 1 g ne | ы t 
ч 
TA. Mdh o t © . 
ia XA) ZEN RM ë aa СО с” у A Ç 
елу фу је ги па Ы Бк ымы А У Ж "озы “фи: КГ in + z » te | 
Даву лана be А ОНАР и GE 9 чко аига ка Кж. А - P А К 
Че ee %7 Wen LL TM Ы" эмэ а Бењо E кек Бер: t 4 иф . LE" E . t ee А Я . 
— 2, alga 107, ОЕ оре iT L Қ D ' u А 
yam оон Да АА U p. Ee Е ^ tad eed TIS" РЕЧ ҺЕ: `. А ' 
ој а а ДТД A NUTRIT TIC = Аң И, ` Б 
ооо рори Р А А 4918219 a a = er ACER CESS ae, 3 
904 баһа Де Да чуке Го Феба е» за Lu у ет РЕ ҰЛерк РА ИЕ ЧАТ ИЕ EXDETY XP E > Р , 
ЕР 54; м: левы > по u: t e WE A) ap TI At. Й 3 ` š 
У а nur “М, убу чүзү ө. БУЙ о ү ү, x аг СЫХ | ‹ x ; ° 
= те С ne s” = wwe и LE T wt A š ` Р hd . 
a тег аё» СЕ ^t - b 0 У о ~ [LA г П А " 
а: EIL poima a api a "eod LET PIT n TS PEPERIT: AW EY 47 P бз j 1 Р | ' 
ми Tr за Е М Ly а - P ý 
(wg ефе К ЭРЭЭ ем h ен k: T Ру" à У . р i А ева š 4 
р ~ Ме» ары Ж „Р Зое Фуа M мышт сш ы смуђ б, j J = Р се | ' ; у 
мерла фе Зь БАН ТЫ 5 ЖУУ ЗОО аы У d г " 5 : 
А ` вы НАУ P . г. ' В р 
E EE а | : TE 
ke аы ы 5 ita КАА АЈ e eoet А Р š 
у г ° ~ - "RS uS " 
lay Peep Sla ел n г b LLLI qq esr per :) ка. pud MA А Эа г А A д З š 
P peter och arii dn | ds en НС 5 FE Hte e IN fuis M , „ з, . 
thes Vw PR FR o щен ревија ПДТ etry ey ee wass t M " ñ A 
зэ те „ер баре аб. ч, b Жыр MILI LIS MUI PN i : М д а РА + С M « " Џ У 
I А uomen hide bd hbk thls ПАЈЕ nae eat h he e eru аларымды а 0 , , 
ре ротом dores veis Lo tp а Da n et Oh тее s "uL р Br \ i у 
DO 3 hd Seta ete ey) " А” d ri b Ferery H š IAP o yiu Ç ы О ' 1 
УЗ 95 Be Ne aio tpa Да ТЫС 5 Bicis. а Из УА АКД. Ы P. ARP ы X ы 
OTT ни Я u АИ x ws uñu? * а АЕ А О АИ АС О РОС РИМА м % " š 
APS HS ы rt Le i НЕА Я 1-9 TD H ^ : ' 
ide. de m g аламы дать зил “+ b- 5-4. ml Ц С ra] МАР 1 
: diei » ivi api ве Bri фон A p ТЫ pa PA ысы H re X" 4 1”. y . ' 
an EE T Фе 222 ЛУ ; < ^ hs plet » 4 > % ` ь n 1:34 г . 
аи pee ase kl Wd лем EC ИВА, а Г. АТ “НШ: р е n p ы 4 y 
о А Ad irte Пн ве mabda aa h CER ВОЧ УИ 11 ЈА 4 Oen | ГК E Сп "EC р р 
AID M д ө Б ТНУ ТК en гы 1 “2 ” 4 E i 
а паре мртве ар чаја је [pct ПРИ РАИ ЗА ми је e eh МИ У ^^, > ex ы” Жаз 5, А : А 
e q hed A АДЫ ET CA Селт ЫҚЫ ШАЛ edd See * Шы “ DART р 5 
а О ные jaa a ta ПА А Уа на ЫЫ); Ea TES PN Vw Я T ber : 
кар дын "jedem 2. Руф њи И SE ДУО ОСА А О АС А; ы: Я r A te р AC ЛҮ L ' oe 
а ама и ан РВ Ерера. ma Eee ULL virtar wih ~ М .. ^ М. ü 
Cv nm =. m b P б һе ? ^ 5 1 ў v M А 7 
Se ike takes Lhe А "aa w Ан ы ur At АА ГТ Жү Е. а e d EC 4 : 
рома у dec MELIA au UPS n í р ` Ns UE у Ju B i d а 
ај ЫЫ, “ч rh se ar A НД ИД АЊА ~ eet ri + ЫТЫ” w ^ 44 m А Eu í = ^ 
др het n LL отуру А и ет ме i Mp НЫ АСАН < K a M enia - k : 
РАО EE MERCED TUNE LONE RN, | ME 
ае уба 40 о разм ёў: б LIS ` 2 . ЛЕ қ $$. i " 
Med ag rH Неј АЈА НИ ТА А аи пера АИ ЈИ , Dos ПЕР | D 4444 Tree 1 Па: a | ~ T у а” p - A а 
АИС ај аи и: BAILE IPIE " Г DAE TM ME En + D P "mn Е а 
и Prid rw LLLA "ыыы: РҮКҮ МИТЕ РТ СТГҮГ e rd DIS te T] П TETTE. = el A .а " ; 
А MeL РРА СО АИ t T 24 ‘ 2 | қ A R ` 
du E ти п ај bait t * ТР | E ; М ! 
Mire eodd Mrd Дафи ea ri ђе ШЫ ЛТ TTT i : ~ "T Й 
оаа М вее Ца АА а "ДЕ, р $ Е j ° 
Керчи reti ОНИ ЛА Ниче О АЕ Па А ДЕ у ET cu 7%; б. , ` А e 
БЫН МЫММДА АДЫ ЫЫ, NL “ - ' р jw L 
наа А н ыма ММ К T ШЕЛ у . ni 1 
эм и А И “АА E б р т ) . 
e о А ъз тсе М МА TY ы. ТҮГІН no V ~ ont ма 2, & " М М ы 
Meth ted me aa) А А те ИН + Ld da T "а AN. He 1 А " 
piii н ААМ А ue m "Rib e НАОСА Н 5 М” З k ug te 9 wa г d 
ылығы P ~ + ЛП 4 ^ яч A шеъ. айз " 
Ма ИН АН Не НИ Te Ж P 
pir бе НЫ Ы АНЫМ АНЫНА ДАНЫ ҚАЛАТЫНЫН Pt ИНЕ ; j TET f Е н 
СУ А АМА Ы мр up КА аи Fa Le Ta фе» : d i ХЕ ' š Ы 
базаға? НН | р 4 р ' ; I 
~ мы ы А бұ CLIPS з 
"А ои Мо Uw CR AA ALLU (at к АНХ АИ тұру Sa” "a > ‹ x 
Уе Ммда tick tat hed ја ‚Үз эл ы. ЫТТА? 52822 е: у UE 
рь ан А ЈА ит ge As ied сыған ы д. ҚАМАТ Ы Аы” T f ç ' p. z 7 О 
а" р аЬ Туе rad БТЕ ЕГЕТТЕ ng E ' t 
А Pre iA ы ре МАМАСЫ ЫЫ Yeu TW Је ТА ИМ лы AU 3 qe ns E 
LÀ s я M h LLL: w? М E 
них АИ ra eti hr Cdi dia аи aad M И А š | 
ее Ы РАСА И КА АИ bel Ua EY 1 a ы А EC WU ' 
Se te te ie Бад не А. СТИ А d М 
А S aT we АТ СИ 2} v 5 ` р 4 = ' 
први Дарди а а аи ЫК НА АНК ы T n ' š В f 
о Пена ir cri ТА EAT reir Mei d А-А HT 2% " 2 К DU - .. 
LI АТ АНК РА и АЗЫ РО" Я ү? Pern dy MT ЕТЕ у Пи 
к h РАД РАИ ИК > w^. беер Рау ғр IS A ERIT 5 A v PL LAUD " D Й 2. à E 
А и а ЛАР ҚТЫ P 4 Рф Ор т ұлу 2 аде ЧАТ ШАЛТ” жағ, А 
НЧ EE epe epar хе О И ВН : n doi: ira - оо 
А А а қ ыы SUR Pete nnt [TT rire bd uh fa АЈ. Ан ot eel a I РО НЕР ИУ и E d ... r А 
И И 4: АСТИ ИЕ а У А ^ 4 У ДЕЛУ, Г С TALI ' > 
о МТВ МАЛЫ А IIT EPA 79:4 LED SEE TAI H ТОР | = - А 
| ” ЕИ: d ~ ~" v ` от м Руа Г А А 1 О 
О А У TIE e | 
А На ен) ' гаеп Ј а в. р Р ' А 
A АНА А О ЧАЗА Tel е чоду МР s e TEL ° Ы | k " 
Ph МӘЛ АРАЛАРЫ ТЫРЫ Й Ма Тр ЫА Е thet os П E 
ОЕ ылы тана КЛ ЛТ E АТАН НЕР НАНЫ БІР | i G а 5 
о ороор сы. О ОИ м rr мы ДО "ue АТ? ç Р Ш ' , қ 
207596 М2 82768 вета а ИУ А Да АЈ О ТИРА РА И É ГҮ ыл Ж ка ы. & pet Ж. р 
МА ТЕМЕ АДА У О M Un 229 M ыы D Y ғ“ = а * x , n баз Ц e 
ча ЧАРЫ е а пина "даје edm ades c s ШЫ, M UI ДОЗА и eee E қ TT ae !'. š 
ч Бру А еур: уй з д кече АР AED a uL ^ k Р 1 ) 
р ЕСА M Pu EE б 7 
ИН ыы НА а iba Бре 2 < Г ; 
á T TIT м ae) АЕ M à 
ғы ie Late Рей СЕЗТ" М Сы. ' Г ' + А 1 
ЕТЕ; ULLA E TI E “7 ^ АПЕТ P Ç я М 
ТЫ [e rei d e MAE Ie EA Vid Ды алы, Hed s бууй мы aise E а he teat De i LC оа, М У d k 
н " 7 2 .. - 4 f£. А 
Зи а ан аи ы рани МА А Ai УА ЊЕ. aH A Ch ә. a de 4 НН 4 А АО ү р E Я h N А р 3 k 
х 1 М ТІРІГЕ Ы 7 - > | 4 РАК б 5 р А . 
дај ded ee TTS Пн Ати Я ААА ај АС 023421 A Eur Mh Lo aid E ; м C i 
ibo dd < Q H DLL" Сар > vs. t (ДА. Први ДГ vY p - 1 ' 
Е НН А ЧАИ des А РЕА "а. МА И ет Ae 7 " Er | Н ' j С " 
= EMT daS AEEA MEET ex Lou 152244 ТАЛАТ Lo XT ^ nh ^ УБА НЧ ЛЕ YS EVI ғ 27 КҮ MEN р О 
оо ЕК О АЙН НЫЗ КАН НДЫ; "WA КЗЫ е . uf : 
[LT = = ( [| T == d Jh . [2 Г И“ 4 Ё E 4 n > 
О ILAN Аг 4 | 
ачуга зүм ГҮҮ "ы ЛС и у ТЕР А ЛУУ ы 2 пе 2067 REM Ead: ыы +L Hd. LET. t ы vant ye a si da б А ' 
ТТ па he ки Ва ЕУ 7€ z í < МОКА 4 - = . L 
АРАТЫН АРАН АҚАН АНЫН АҚ pen EA RA a EL EMT: О: Ж i ? e і 
Ал ЛГ” ҚЫЛА УД ҚАСТЫ # ar ^ а ДЬ 54. - ? 
БМ АНЕ ОИ АНА Нам с Ми e eaa Ч РА ' - z ПР P d (' А 
ы д р а ЫШ АЫ Ergo ын D 4 ' : 
“ТТ ола ПА и Ања САЊА ВОДИ ТАҚТАН ТУА ^ "PX 
mre hte ise а лама Ды мт ДН. б ^ + uc 4.2“. МИ . 
77 " = м эч ex у ч 1, ум ь » ki 4 " О ç 
МНА А Қошақ ақ 0 | | 





